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PBEFACE 


which IS usually used. TOen rni analysis of blood is per- 
formed for say, uric acid, on 0-2 ml. of blood instead of the 
ml. will eh are usually used, the saving in reagents is veri' 
considerable. Many of the reagents for blood analysis are 
becoming increasingly difficult to obtain in any quantity, and 
any economy in their use is both a saving and a convenience, 
nnd may even be a necessity. The amount of labour neces- 
sary for making up reagents is also greatly reduced. Within 
our own experience, solutions last many times os long as they 
did with methods we used previous to adopting micro- 
procedures, for the simple reason that much less of them is 
used for analyses on the micro-scale. 

The accuracy of the micro-methods is usually beyond 
question, and biochemical methods carried out on small 
quantities of capillary blood have given at least as consistent 
and as accurate results ns the larger scale procedures from 
which they usually sprang. The advantage of being able to 
omit any coagulant substance in the taking of the specimen 
needs no comment. The sample can be measured in most 
capillary blood pipettes with a high degree of precision and 
the possibility of obtaining abnormal proportions of cells and 
plasma when .sampling an improperly mixed specimen of 
venous blood (a potent source of error not often appreciated) 


is avoided. 

The level of some substances in arterial blood is different 
from and of greater physiological significance than the level 
in venous blood. This is notably so in the case of glucose. 
Arterial blood glucose is best estimated in capillary blood 
which gives the same value. . . , t 

Micro-chemical methods of blood analysis are particularly 
useful in investigations which require the taking of frequent 
samples of blood. Determinations on capdlarj' blood as 
compared with venous blood are less laborious for the investi- 
gator and are less inconvenient to the patent, who usually 
objects to numerous and oliihorate venipunctures A ^nc- 
turing apparatus or a Hagedom needle, toge er ivi 
oe.capillary blood pipettes, is modi easier 
than a supply of sterilized synnges imd nee . , , g 

tndhods described for whole blood have been developed 
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primarily for use uith capillary blood, but they are of course 
applicable to samples of venous blood. 

Among the methods of blood analysis will be found certain 
procedures, i.e., cholesterol, calcium and COj-combining 
power, which have been adopted, unaltered, from the pub- 
lished descriptions of the original authors. Although wc 
have introduced no modification or improvement in these 
methods, wc have felt it advisable to include them for the 
sake of completeness, and in order to have together a set of 
.instructions which make it possible to execute all the deter- 
minations which arc commonly asked for in routine laboratory 
investigations. For the same reason, the tests and estima- 
tions on CSF and faeces are included, and those urine examina- 
tions which are essential for the simpler physiological tests 
of function. 

The functional tests given arc described in sufficient detail 
to enable them to be executed with precision, but no great 
space is devoted to discussing their clinical significance. 
Likewise no attempt is made to give a complete statement of 
the amounts of the various substances present in blood in 
diseased conditions nor to describe their significance at any 
length. Urief mention is made only of those clinical con- 
ditions in which abnormal values arc most commonly 
encountered. 

Jly former colleagues. Dr. G. A. D. Unslcwood, Mr. G. E. 
Dclory and Dr. D. Beall, have had an intimate shore in the 
development of the procedures presented in this book. Oji 
their ideas and efforts I have largely depended for the elabora- 
tion of new analytical principles and the modification of 
existing ones to the needs of the micro-techniques. To them 
to cw?/ciTiycfcs, a^srsianfer anc? st<c<lctit5^ my 

arc due, for their counsel, collalioration, and loyal support. 

E J. K. 
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MIGRO-AJnTALYSIS in 
lilEDICAL BIOCHEMISTRY 


Chapter I 

NORMAL VALUES 

By “ normal value " is meant the amount of a constituent 
present in the body fluid or excretion of a healthy human 
being. In fact, this amount varies over a range, and while 
most healthy persons can be included in a class having 
the accepted “ normal ” amount, some individuals are found 
to show divergent figures. Such exceptional individuals 
are often entirely “ normal ” in all other investigated re- 
spects. The judgment, therefore, of whether a given 
analytical figure is “ normal *’ will depend on the experi- 
ence and total data at the command of the interpreter of 
the result. 

The values given below arc taken from the literature 
and from our accumulated results. In most cases they are 
assumed to apply to the method of analysis given here. 
This assumption is generally the result of a direct comparison 
between the method given and a method which has been 
“ standardized for normal human beings ” ; in other cases, 
inspection of a large collection of determinations prompts 
the feeling that the findings of a modified method do not 
differ significantly from those “ accepted.” It must be 
emphasized, however, that in several cases (uric acid in 
blood, for example,) no reliable data of the range of 
“ normal value ” exist ; it is hoped tliat when more general 
agreement as to methods to be used has been attained, 
such data will be forthcoming. Blood values arc for fasting 
persons. 



>'vlJ,UES 

TAIILK 1.— S-OnsiAl. VALUES 


Whom: lUoon 

Ureu . 

Non.i)totcm nUtocrn 
Uric Acid , 

Creatinine . 

I’iinsplinte, inor;^nic (m 1*>^ 
Adult . 

Child 

Cholesterol 
Sujjar 

Chloride (ni NuCl) 


per 100 ml. 

• . L’0-10 ing. 

• . !JJ— <0 mg. 

prohnhlj* B-4 mg. 

• . 1-2 mg. 


. 2-amg. 

. +-5 mg. 

. 120-250 nig. 
. CO-100 mg. 

, 450-filOnig. 


Plassia 


Total Protein 
Albumin . 

GiolmUn • . . , 

(natio nlh./clob. 1-2-4' 
Fibrin 
nillrubln . 

Chloride (ns NnCl) 

So<IIum (a* N'n) . 
COi'Combintng power . 
Phosphate (ns P)— 
ester 
(norgnnlc 
lipide . 

Phosphatase, Acid 

Alkaline . 


. fl O-8-Og. 
. I'S-S-Og. 


. 5r;0-«20n)ff. 
. :»25-S50 mr. 
. JiJ-73mh 

• I nig. 

. 2-3 mg. 

. 4-7 mg. 

, J-0 units 
.^»-10 units 


Senust 

Calcium 
Sodium 
PotassUiin . 


0-11 mg. 
323-350 mg. 
jn-20 mg. 


Cnununo'SeixAi. Fluid 

Protein 

Globulin (Pnndj- «nd Nonne Apclt Test) 
Chloride (ns NaCI) . . . • 

Sugar 

Urea 

Calcium 

“Creatinine” ..... 
COvComblning power . . • • 


20-40 mg. 
obsent 
700-740 mg. 
CO-1 00 mg. 
15-30 mg. 
4-5 mg. 

0 7-1 5 mg. 
55-05 voli. 


Kaecls 


A. Total fat . . • • 

B. Unsoaped fat — 

(Neutral fat + Free fatty arid) 

C. Free fatty acid 

D. = A ~ B = Fatty arid piw,ent 

E. « B — C =* Neutral fat . 


Percentage 

by weight of dried faeces. 
. . 15-25 

. . 10-15 

. . 0-13 

as soap • 10-15 

. t-2 
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TABLK 2.—AnNOn5rAUTIES IN* COSIPOSITION* OP HUMAN* BLOOD 


CoDittlncnt 

Plasma proteins (total) . 

Plasma albumin . 
Plasma globiiUn . 
CO,*comblnlnj» power . 


Sugar 

Non-protein N 
Urea . 

Uric AcW . 

Creatinine . 

Chlori'lcs (whole bloo»l) 

Chlorides (plasma) 


Phosphates «s P . 
Calcium (scrum) . 


Cholesterol . 

Phosphatase . 
Bilirubin 


Qtaleal condtUoM tn whSrb hlah vslurt (ualns otherwise 
tUtcit) m found 

Anhydremlo. Low In nephritis with oedema 
(nephrosis), starvation. 

Low In nephrosis. 

Nephrosis, anaphylactic conditions. 

Alkalosis (NnllCO, ndmSnisimtion, intestinal 
obstruction, os'er'btwilhtng). 

I/)w in acidosis (diatietcs, stsrsmtlon, nnd severe 
nephritis). 



I,ow in pneumonia, fes-er, diabetes ; all cases of 
dehj-dmllon. such as pistio-lnltstinnl disturb- 
ances associated with diarrhoea nnd vomiting. 
Nephritis. Low In rickets. 
fljperp.arolhj'TOldism. I>>w in tetany (mfantlle), 
parathjToiSectomy, severe nephritis, coellac 
uiscasr. 

Hiliary obstruction, nephritis, nephrosis, ti>&iM*tes, 
pregnancy. Low in pcmlelous anncmia. 
C.cneTahitd bone disease, obstrurtlve iaundlce. 
dnundlcc. 
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PROCEDURES FOR WHOLE BLOOD 

TAKING OF CAPILLARY BLOOD 

Blood may be taken from a puncture in the ear or finger, 
but the most convenient place to obtain capillary blood is 
probably from the thumb over the bed of the nail. The part 
is wiped clean with a little ether or spirit and a stab of 1 to 
2 mm. deep is made by means of a puncturing apparatus or 
Hagedorn needle. A piece of soft rubber tubing or of gauze 
is wrapped fairly tightly about the thumb above the knuckle. 
On flexing the thumb a free flow of blood is usually obtained. 
If the blood does not come easily, the rubber is released and 
the hand shaken in a doumwards direction. This operation 
wH ensure an adequate amount of blood when the tourniquet 
is replaced and the thumb flexed. The pipette is held hori- 
zontally with its point in the* drop of blood issuing from the 
stab .wound. The blood is allowed to run in exactly to the 
0-2 ml. mark. The pipette is then wiped and the blood 
allowed to run into a J5 ml. conical centrifuge tube containing 
water or isotonic sodium sulphate solution, and by alternate 
blowing and sucking the pipette is washed several times with 
the solution. 


TAKING OF VENOUS BLOOD 

When several different estimations on u’hole blood are 
required it may be preferable to take a venous sample. 
Two ml. will usually suffice. The blood is withdrawn by a 
s 3 Tinge from a vein in the antecubital fossa, according to 
the instructions given under Plasma, and is placed in a tube 
or screw-cap bottle containing a trace of potassium oxalate 
{the residue from a micrc-drop of 30 per cent, dried in e 
tube). 
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UREA 

Urea represents about 50 per cent, of the non-protein 
nitrogen of the Wood. Normatty there are between 20 and 
40 mg. of urea present per 100 ml. High values ate found 
in conditions associated with impaired renal function — 
particularly in chronic nephritis, but also in some cases of 
acute nephritis, prostatic obstruction, cardiac failure, etc. 

PRINCIPLE 

The sample of blood is digested with urease, and the urea 
thus converted into ammonia. After the removal of proteins, 
the colour produced by the ammonia with Nessler’s reagent 
is compared colorimetrically with the colour produced under 
the same conditions with a standard ammonium chloride 
solution. 

Direct Nesslcrization does not lead to the production of 
cloudiness in the case of protein-free filtrates from unlaked 
blood. This is due to the fact that the sulphydryl substances, 
glutathione and ergothionicne, which produce turbidities 
with Nesslet’s reagent because of the insolubility of their 
mercury salts, are confined to the cells and do not appear in 
the filtrate, as is the case with filtrates of laked blood. Fil- 
trates of unlaked blood have the further advantage that no 
ammonia is contributed to the determination through the 
action of the arginase of the red cells on the arginine contained 
in most commercial preparations of urease {see Addis, 1928). 
The use of zinc hydroxide as deproteinizing reagent eliminates 
a small amount of turbidity-producing substance contributed 
by most preparations of urease. 

aiETHOD 

0*2 ml. of blood is added to a centrifuge tube containing 
3*2 ml, of isotonic sodium sulphate solution. 

A “ knife-point ” (about 20 n^.) of Jack Bean meal is 
added, and the tube stoppered with a rubber bung, mixed, 
and incubated at 87“ C. for 20 minutes. 0*3 ml. of rinc 
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sulphate solution and 0*3 ml. of 0-5 N-sodium hydroxide 
are added to precipitate the proteins. The mixture is well 
mixed by inversion after each addition and is then centrifuged. 
Two ml. of the supernatant fluid represent 0*1 ml. of blood. 

Two ml. of the clear supernatant are treated Avith 5 ml. of 
ammonia-free distilled water and 1 ml. of Nessler’s reagent. 
The solution is compared in a colorimeter with a “ low ” or 
“ high ” standard made up with 2 ml. or 5 ml. of the standard 
ammonium chloride solution (0-01 mg. of nitrogen per ml.), 
5 ml. or 2 ml. respectively of water, and 1 ml. of Nessler’s 
reagent’*'. The colorimetric comparison is facilitated by the 
use of a violet light filter.^ 

CALCULATION t 

(1) “ Low ” standard : 

I Reading of standard „ ^ 100 ^ 

Blood r Reading of tiiT- ^ - 

urea §1 _ Reading of standard ^ 

[ Reading of test 

(2) “ High ” standard : 

__ Reading of standard ^ , 05 X X a-i-i 

Blood Reading of test O'l 

urea § Reading of standard ^ 

Reading of test 

— 1 mg. of nitrogen = 2'1'1 mg. of urea 
I mg. per 10® ail. blood. 


, ions in the 

■ ■ . 5e ate given 

methods and in the tonu oi «... — - 
on pp- 1^0, 150. 
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SOLUTIONS 

Nessler's Reagent. — 11-25 g. of iodine crystals are dissolved 
in a solution of 15 g. of potassium iodide in 10 ml. of water. 
15 g. of mercury are added, and the mixture, kept cool in 
water, is shaken until the supernatant liquid has lost its 
yellow colour. This supernatant liquid is then decanted 
into a 100 ml. flask and a drop tested with 1 per cent, starch. 
If no colour is obtained, more iodine solution (prepared as 
above) is added until a drop of the mixture gives a faint 
reaction with starch. 

The total solution is then diluted to 100 ml. and poured 
into 485 ml. of 10 per cent, sodium hydroxide. If the solution 
is turbid, it should be allowed to settle before use. 

Standard Ammonium Chloride Solution (containing 0*01 mg. 
of nitrogen per ml.). — 153 mg. of pure ammonium chloride 
are weighed out and dissolved in water. The volume is made 
to 100 ml. ; 25 ml. of this solution rvith 10 ml. of N-sulplmric 
acid are diluted to 1 litre with distilled water. 

Isotonic Sodium Sulphate . — ^Thirty g. of crystalline sodium 
sulphate (Na^SO^.lOHiO) are dissolved in water and made 
to 1 litre. 

Zinc Sulphate . — ^Ten g. of • crystalline zinc sulphate 
(ZnSO^.THnO) are dissolved in water and made to 100 ml. 

0-5 ^'Sodium IIi/droxide.—This should be accurately 
prepared, and should be titrated against the zinc sulphate. 
10 -8-11 -2 ml. should be necessary to produce a permanent 
pink colour with phenolphthalein, when titrated into 10 ml. 
of zinc sulphate diluted with water. 

NON-PROTEIN NITROGEN 

The non-protein nitrogen containing substances of blood 
arc urea ( 10-20 mg. N), uric acid (1-2 mg. N), creatinine 
(0-5-1 mg. N), nmino-acid nitrogen (G-8 mg.), and substances 
such as glutathione and crgothiouicnc (S-10 mg. N per 
100 ml. of blood). The normal range of non-protein (N.P.K.) 
is from 25—10 mg. per 100 ml. Increased values are found in 
the conditions showing a high blood urea. 
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Tiic proteins of Inked blood or plasma arc precipitated by 
tungstic acid. Part of the filtrate is digested with suiphuric 
acid xintil nil the nitrogen U converted into ammonium 
sulphate. The ammonium salt is estimated colorimctrically 
nith Kessler’s solution, excess of which is used for the test 
in order to neutralize the sulphuric acid and give an alkaline 
medium. 


METHOD ■ 

0-2 ml. of blood is lakcd with 3*2 ml, of water, or 0*2 ml. 
of blood in 3*2 ml. of isotonic sodium sulphate is laked by 
the addition of a drop of 1 per cent, saponin, followed by 
vigorous shaking. 0*3 ml. of 10 per cent, sodium tungstate 
and of § K-IIjSOi arc added and the mi.vturc shaken and 
filtered or centrifuged. 

One ml. of the filtrate (= 0*05 ml. of blood) is evaporated 
in a test-tube with 0*2 ml. of 50 per cent, sulphuric acid 
containing 1 per cent, ScOj until the liquid turns dark and 
white acid fumes arc evolved. The addition of a small piece 
of porous jiot prevents “ bumping.” Heating is continued 
until the mixture is colourless and for 8 or 4 minutes more. 
To the cooled solution arc now added 5 ml. of water and, 
after thorough mixing, 0 ml. of Kessler’s solution. The 
colour produced is compared in the colorimeter with the 
“ low ” or “ high ” standard used in the determination of 
blood urea. 


CALCULATION 
( 1 ) “ Low ” standard : 

j __ Reading of standard ^ ^ 

1 Reading of test 0*05 

■V- p M ♦ ' , , 

■ ‘ ' 1 Rending of standard ^ 

( Reading of test 

• mg. per 


100 ml. of blood Or plasmn. 
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(2) “ High ” standard : 

Reading of standard ^ ^ ^ lOQ 

Reading of test 0*05 

Reading of standard ^ 

Reading of test 
* mg, per 100 ml. of blood or plasma. 

SOLUTIONS 

Nessler's reagent and ammonium chloride standard as 
described for urea. 

Fijly per cent. Sulphuric Add containing Selenium Oxide . — 
Fifty ml. concentrated acid are allowed to run slowly and 
with shaking into 50 ml. of distilled water in a 100 ml. volu- 
metric flask. Selenium o.xide (1 g. SeOg) is added and 
shaken until dissolved. The mixture is cooled to room 
temperature, made to the mark, and mixed. 

URIC ACID 

Uric acid is normally present to the extent of 2-4 mg. per 
100 ml, of blood. In gout and in certain conditions of renal 
impairment high values are found. 

PRINCIPLE 

Blood in isotonic sodium sulphate solution is treated Avith 
a phosphotungstic acid reagent. This precipitates the 
proteins, and on addition of sodium cyanide to the super- 
natant liquid, the excess of phosphotungstic acid reagent pro- 
duces a blue colour with the uric acid present. The colour 
is compared with that given by a standard solution of uric 
acid. The blood must not be laked, as interfering substances, 
such ns glutathione and crgothionienc, would be liberated 
from the cells. 

JIETHOD 

0-2 ml. of capillary blood is pipetted into C -2 ml. of isotonic 
sodium sulphate in a 15 ml. centrifuge tube. 0-0 ml. of 
Folin’s (1931) uric acid reagent is added. The tube is 
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stoppered, Its contents mixed gently by inversion, nnd ini- 
mediately centrifuged. Two ml. of the supernatant liquid 
( « 0- 1 ml. of blood) are treated with 1 ml. of sodium cyanide- 
urea reagent. At the same lime a mixture of 1 ml. of tlic 
uric acid * blood *’ stnndanl (= 0 - 00 !■ mg. uric acid), 0*7 ml. 
of distilled water, nnd 0*JJ ml. of Folin’s reagent is also treated 
witli 1 ml. of sodium cynnidc-nrea reagent. The two tubes 
arc placed in a boiling water-bath for 5 minutes, cooled, nnd 
the solutions compared rolorimclricnlly • fred or ornnec 
light filter). ^ 

CALCULATION 


Uric acid f- 


Heading of standard ^ o-OOl v 
Heading of lest ’ 0 • 1 

Rc a<lm g of standard ^ ^ 

Heading of test 

t ni|;. per 100 ml. blood. 


SOLUTIONS 

Isoionic iS'odi'um Sulphate os under blood urea. 

Sodium Cyamde-urca Reagent . — ^Fivc g. of sodium cyanide 
and 20 g. of urea arc d{ssolvc<l in water, nnd the volume made 
to 100 ml. Tlic urea prevents clouding during the determina- 
tion, Tliis solution should be renewed about once n month. 

FoUti's {1934) Uric Acid Reagent. 

1, PreparatJon of molybdate-free sodium tungstate: a 
solution of 250 g. of sodium tungstate in 500 ml. of water 
is treated with 5 N-hydrochloric acid until neutral to 
litmus jiaper. Tlic solution is saturated with Iiydrogen 
sulphide, and allowed to stand hours. It is then 
treated with 400 ml. of absolute alcohol, added gradually 
with constant shaking. The mixture, after standing 
for a further 24 hours, is filtered, and the precipitate 
washed with 50 per cent, alcohol and dissolved in 075 ml. 
of water. 0-5 ml. of bromine is added, and the mixture 
boiled gently until the excess bromine is dispelled. 

• Micro-cups for an onlinary Diiboscq oolorlmet^er an necessary for this 
anil certain other procedures, c.g., creatimne, bilirubin. 
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Sodium hydroxide solution (40 g. per 100 ml.) is now 
added to the hot solution until the latter is alkaline 
to phenolphthalein. The cooled solution, filtered if* 
necessary, is treated with 200 ml. of absolute alcohol, 
and allowed to stand for 24 hours. The white crystals 
are filtered off and dried in a desiccator. 

2. Preparation of reagent : 100 g. of molybdate-free 

sodium tungstate are treated gradually with a solution 
of 30 ml. of “ syrupy ” phosphoric acid (89 per cent.) 
in 150 ml. of water. The mixture is boiled gently under 
reflux for 1 hour, decoloxirized as above with a drop of 
bromine, cooled and diluted to SOO ml. 

Stock Uric Acid Standard (Folin) ( = 1 mg. per ml.). — One g. 
of uric acid is placed in a 1-litre flask. 0*6 g. of lithium 
carbonate is dissolved in 150 ml. of cold water. The car- 
bonate solution, filtered if necessary, and warmed to 60® C., 
is added to the flask containing the uric acid, which is warmed 
under the hot tap. The warm mixture is shaken for five 
minutes, cooled at once under the tap, and treated with 
20 ml. of formalin (40 per cent, solution of formaldehyde) 
and enough water to fill half the flask. A few drops of 
methyl orange are added, and then, gradually with shaking, 
25 ml. of N-sulphuric acid. The solution should turn pink 
when 2-3 ml. of acid remain to be added. The mixture is 
now diluted to 1 litre, mixed and stored in the dark in a 
stoppered bottle, when it will keep almost indefinitely. 

Uric Acid ''Blood’* Standard (=0*004 mg. per ml.). — 
Two ml. of the above “ stock ” standard solution are diluted 
with water and 1 ml. of 40 per cent, formalin to 500 ml. 
This solution should be made up fortnightly. 

CREATININB 
Colorimetric Estimation 
PRINCIPLE 

Creatinine gives a red colour with alkaline solutions of 
picric acid (JafFe’s reaction). A similar colour is also given 
by blood (and plasma) filtrates. It is not certain that the 
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colour in this case is due to creatinine, but the substance 
Tvhich may thus be estimated as blood “ creatinine ” is of 
Some clinical importance. Calculated as ** creatinine ” the 
normal values arc 1-2 mg. per 100 ml. of blood. In advanced 
renal failure enhanced values may be found. 

METHOD 

0*2 ml. of blood is added to 1*4 ml. of isotonic sodium 
sulphate solution. 0*2 ml. of 10 per cent, sodium tungstate 
and 0*2 ml. of J N^sulphiiric acid are added, and the tube 
is stoppered and shaken. The mixture is centrifuged, and 
1 ml. of the clear Supernatant fluid (»= 0*1 ml. of blood) is 
used as ** test ” solution (sec Somogyi, 1930). 

For hOrmal blood a “ standard *’ solution is made by 
diluting 1 ml. of the creatinine “ blood ” standard described 
below, with 4 ml. of water. The “ test ” Solution and 1 ml, 
(ea 0*001 mg. of creatinine) of this ” standard *’ solution ore 
then treated at tlie same time with 0*5 ml. of freshly made 
alkaline picrate solution (sec below). After not more than 
15 minutes the solutions arc compared in the colorimeter, 
using a blue-green light filter, such as Ilford’s spectrum 
blue-green. 

CALCULATION 

Reading of standard ^ ^ ^ 

Blood Reading of test 0 ■ 1 

“ creatinine ” *' __ Reading of standard j.q 
”” Reading of test 

• mg. per XOO ml. blood. 

In cases where a raised blood '‘creatinine is found or 
expected, stronger “standards” may be made by using 
larger quantities of the “ blood standard," and diluting these 
as before to 6 ml. with water. In general the calculation 
becomes : — 

Blood j ^ Reading of standard q X 0-001 X 
“ creatinine ” I Reading of test 0 1 

where C is the number of ml. of “ blood " standard used in 
the 5 ml. of “ standard ” solution. 
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CREATININE 

Photometric Estimation 

The amount of creatinine in blood is so small that the 
amount of colour in a test, which is contributed by the excess 
of reagent (alkaline picrate solution), is appreciable compared 
with that produced by the reaction of creatinine with reagent. 
The diHiculty of obtaining an accurate assessment of the 
colour due to creatinine can be overcome by using the colori- 
meter as a photometer in the manner described by Delory 
and Jacklin (1942). 

The neutral grey screen (density 0*50; cf., p. 142) is placed 
on the left-hand rack of the colorimeter, and the Ilford blue- 
green filter placed over the eyepiece. The standard solution 
is placed in the right-hand cup and its depth is adjusted until 
the two fields appear equal. The reading S is recorded. The 
test solution is now substituted in the cup to give the reading 
T, Finally, a blank consisting of 1 ml. of water and 0*6 ml. 
of alkaline picrate solution is read (reading B). 


CALCULATION 



If it is desired to avoid this calculation, a curve is made 
from the readings obtained with varying strengths of standard. 
Results can then be read oIT from this curve. Since difTcrent 
preparations of picric acid may contain varying amounts of 
impurities (c.g., dinitrophcnol), it is advisable to check the 
curve for each new batch of picric acid. 
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SOLUTIONS 

Xsolonic^ Sodium Sulphate, fen per cent, zinc sulphate and 
0*5 N-sodiuni hydroxide as under blood urea. 

Creatinine “ Sioch *’ Standard (containmg 1 mg. of creati* 
nine per ml.). — 1*G02 g. of pure creatinine zinc chloride are 
dissolved in n/ 10 hydrochloric acid solution and the volume 
made with the n/ 10 acid to 1 litre. 

Creatinine “ Blood Standard (0 -005 mg. per ml.).— Five ml. 
of the above “ stock ” standard are treated with 10 m), of 
n/ 10 hydrochloric acid and the volume made with water to 
1 litre. 

Alkaline Picrate Solution. — Five parts (by volume) of a 
saturated aqueous solution of pure picric acid, containing 
about 15 g. picric acid per litre, are mixed with 1 part (by 
volume) of 10 per cent, sodium hydroxide. 

Note. — ^T he picric acid may be purified by recrystalliza- 
tion from glacial acetic acid. It must be of such purity that 
when 10 ml. of a saturated aqueous solution are treated with 
5 ml. of the 10 per cent, hydroxide, tlie colour (determined in 
the colorimeter) of the alkaline mixture so formed is not 
more than twice as deep os that of the saturated picric acid 
solution. The alkaline picrate must be prepared freshly for 
use, 

INORGANIC PHOSPHATE 
(Adapted from the method of King, 1932) 

The blood of normal adult persons contains 2-8 mg. per 
100 ml. (expressed as P) of inorganic phosphate. In condi- 
tions involving an acidosis, such os is often found in nephritis, 
the amount present may be definitely raised. The amount of 
phosphate present in the blood of children, where bone 
formation is not yet complete, is at a higher level— usually 
of about 5 mg. per 100 ml. In rachitic conditions the figure 
is lowered. 

PRINCIPLE 

The inorganic phosphate of a deproteinized filtrate of the 
blood is coupled with molybdate, and the yellow phospho- 
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molybdate is reduced to give a blue substance. The amount 
of blue colour produced in the solution is directly proportional 
to the amount of phosphate present. 

METHOD 

0-2 ml. of whole blood or plasma is pipetted into 3-2 ml. 
of water or isotonic sodium sulphate and treated with 0 • 6 ml. 
of 25 per cent, trichloroacetic acid. The mixture is shaken 
well, and after 5 minutes filtered through a small paper. 
2 ml. of the clear filtrate (=0*1 ml. of blood or plasma) are 
treated at the same time as 2 ml. of the dilute standard 
phosphate solution {=0-004 mg. V) with 0-3 ml. of the 
ammonium molybdate solution followed by 0-2 ml. of the 
reducing agent (aminonaphtholsulphonic acid), The con- 
tents of the tubes ate gently shaken between each addition 
and the colours are read in a colorimeter after 10 minutes 
(red or orange light filter). 

CALCULATION 

j _ Reading of standard ^ q ^ 100 

Blood I Reading of test 0*1 

phosphate *1 _ Reading of standard ^ ^ 
i Reading of test 

• mg. per 100 ml. of blooi], 

SOLUTIONS 

Trichloroacetic Acid Solution, — Twenty-five g. of pure 
trichloroacetic acid dissolved in water, and diluted to 100 ml. 
and mixed. 

Acid Aynmonium Molybdate . — ^Five g. ammonium molyb- 
date are added to a mixture of 75 ml. distilled water and 
15 ml. of concentrated sulphuric acid in a 100 ml. volumetric 
flask. The mixture is shaken until dissolution is complete 
and cooled to room temperature. Tlie solution is then made 
up to 100 ml. and mixed. 

Iteducing Agent. 0*2 per cent, aminonaphtholsulphonic 
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£icid,‘^0’2 g, of the 1:2: 4-acid, 12 g, sodium meta-bi- 
sulphite and 2*4 g, crystalline sodium sulphite are dissolved 
by shaking with enough water to make 100 ml. If the 
solution does not filter clear it should be left overnight and 
filtered again. A fresh solution should be prepared every 
two weeks.’*' 

Standard Phosphate, — A stock solution is made by dis- 
solving 2*191 g. of pure potassium dihydrogen phosphate 
(ICH2PO4) in 500 mh in water. Ihis solution contains 1 mg. 
P per ml. A dilute standard solution is made by diluting 
2 ml. of the stock solution to 1 litre with water. One ml. 
of this solution contains 0-002 mg. P. Both solutions should 
be kept saturated witii chloroform to prevent any bacterial 
growth, which might cause a loss of inorganic phosphate. 

CHOtESTBROh 

(Method of Sackelt, 1925) 

Total Cholesterol 

Total cholesterol in the blood of normal persons may be 
present in amounts varying from 320 to 250 mg. per 100 ml. 
The amounts present in Wood may be raised in severe 
diabetes, biliary obstruction, and in some forms of nephritis 
(particularly the nephrotic type). 

PKINCIPLE 

Blood is treated with an alcohol-ether mixture, which 
extracts the cholesterol and at the same time precipitates 
the proteins. The extract is evaporated to dryness, and the 
cholesterol in it determined by means of the Liebermann- 
Burchard reaction. Thi^ comprises the production of a 
green colour wlien chloroform solutions of certain sterols are 
treated with acetic anhydride and sulphuric acid. 

. -n.. may be prep«ed 



CHOLESTEROL 


17 


METHOD 

0*2 ml. of blood is pipetted drop by drop into a centrifuge 
tube containing a mixture of 8 ml. of absolute alcohol and 
2 ml. of ether. The stoppered tube is shaken vigorously for 
about 1 minute, and is then allowed to lie horizontally, with 
an even distribution of the precipitate along the tube, for 
30 minutes. The mixture is then centrifuged, and the 
supernatant liquid poured, as completely as possible, into 
a small beaker. This is placed on a water-bath or hot plate, 
and the contents carefully evaporated to dryness. The 
residue is washed ■'Out with about 4 ml. of chloroform, in 
three portions, into a glass-stoppered 10 ml. measuring 
cylinder, and the volume made to 5 ml. with chloroform. 

0-5 ml. {sO-5 mg. of cholesterol) of the cholesterol 
standard is added to a similar container and diluted to 5 ml. 
with chloroform. To each solution are added 2 ml. of acetic 
anhydride, and 0*1 ml. of concentrated sulphuric acid. The 
cylinders arc stoppered, and their contents mixed and 
allowed to stand in the dark for 10 minutes. The two solu- 
tions are then compared in the colorimeter. (Red or orange 
light filter.) 

CALCULATION 

. Reading of standard ^ q . - ^ 100 
Total * Reading of test 0*2 

cholesterol * ' ^ Reading of standard ^ 

( Reading of test 

* mg. per 100 ml. of blootl. 

Cholesterol Standard. — 0*1 g. of pure cholesterol in 100 ml. 
of chloroform. 

GLUCOSE 

Titrlmetric method for ** True Sugar ” 

Harding’s (1032, 1933) modification of the Schaffer-Hart- 
mann method. This method gives “ true sugar values ” 
as opposed to total reduwng substances when applied to the 
filtrate of unlaked blood described below. 
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PRINCIPLE 

The sugar ” in whole blood is a mixture of glucose, 
present mainly in the plasma, and nitrogenous reducing 
substances (chiefly glutathione) in the corpuscles. It is 
possible to exclude the corpuscles by mixing the blood mth 
isotonic sodium sulphate solution, in which the corpuscles 
remain intact. A determination of the reducing power then 
becomes equivalent to an estimation of glucose alone. For 
normal (fasting) individuals values of 65-90 mg. per 100 ml. 
are found (King et at. 1937). 

A protein-free filtrate of blood, and alkaline copper reagent 
are heated together. Part of the copper is thereby reduced 
and is equivalent to the amount of reducing substances 
(sugar) present. The degree of reduction is determined 
indirectly by reoxidizing the reduced copper ■with iodine and 
determining the amount of iodine consumed in the process. 
The reagent contains potassium iodate, from which iodine is 
liberated by the addition of potassium iodide and sulphuric 
acid. The iodine set free both in the test and in a “ blank •* 
determination (2 ml. of copper reagent and 2 ml. of water), 
IS determined by titration with sodium thiosulphate. The 
difference in the two titrations represents the amount of 
iodine consumed in reoxidizing the reduced copper. 


RIETHOD 

The blood is taken into a dilute copper solution, in which 
there is no loss of sugar by glucolysis (King, Pillai and 
Beall, IQAl). 0*2 ml. of capillary blood is washed from a 
pipette into 8-5 ml. of isotonic sodium sulphate-copper 
sulphate solution. One of the Somogyi (1931) protein pre- 
cipitating reagents is thus used for the preservation of the 
blood. When it is desired to complete the analysis, 0-8 ml. 
of 10 per cent, sodium tungstate is added ; the copper 
tungstate formed precipitates the protein. The mixture is 
shaken and then centrifuged. 

Two ml. of the supernatant liquid (=* O-l ml. of blood) are 
treated with 2 ml. of the mixed copper reagent in a wide 
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(I inch) test-tube. A “ blank ** is prepared ■with 2 ml. of 
distilled water and 2 ml. of reagent. Both tubes, stoppered 
lightly with cotton wool, are placed in a boiling water bath 
for exactly 10 minutes. They are then cooled at once under 
the tap. To each is added 1 ml. of 2 per cent, potassium 
iodide and 1 ml. of 2 N-sulphuric acid. After standing 1 
minute the contents of each tube are titrated with n/ 200 
sodium thiosulphate. One per cent, soluble starch (made up 
in water or, better, in saturated phenol red solution) is used 
as indicator. The titration figure of the test solution is 
subtracted from that of the “ blank.” 

CALCULATION 

1 ml. n/ 200 thiosulphate = 0*116 mg. glucose 
The ml. of thiosulphate given by the difference between 
the " blank ” and “ test ” titrations is equivalent to the 
amount of glucose present in the “ test.” Hence : — 

ml. n/ 200 thiosulphate x 0*116 = mg. glucose in 2 ml. 
filtrate {i.e., in 0*1 ml. blood) 

And therefore : — 

ml, n/ 200 thiosulphate) 

X 0*116 X i = mg. of glucose per 100 ml. blood 

^ 0*1 ) 

i.e., 

ml. n/.O^ t|nosuIphate| _ jqq blood. 

If the blood-sugar value thus obtained is greater than 
400 mg./lOO ml., the determination should be repeated, using 
ns test solution a mixture of 1 ml. of filtrate and 1 ml. of 
water. The result then obtaincxl is multiplied by 2. 

SOLUTIONS 

'^Jrotoaic Sodium Sulphale^Copper Sulphate Solution (to 
prevent glucolysis).— A mixture of 320 ml. of 3 per cent, 
sodium sulphate and 30 ml. of 7 per cent, copper sulphate 
(CuSOj.SIIjO). 
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Sodium Tungstate.— id g. per 100 ml. 

Copper Reagent (Harding’s modification of the Schaffer- 
Hartmann reagent). 

Solution A consists of : — 

33 g. Copper sulphate crystals dissolved in water and 
the volume made to 1 litre. 

Solution B is made by dissolving : — 

24 g. Rochelle salt (sodium potassium tartrate) 

40 g. Anhydrous sodium carbonate 
50 g. Sodium bicarbonate 
36 • 8 g. Potassium oxalate, and exactly 
1 ’4 g. Potassium iodate. 

Solution B is best prepared as follows : — 

The bicarbonate is weighed out, washed into a litre flask, 
and dissolved at room temperature in about 700 ml. of water. 
The carbonate is now washed in, and dissolved, also without 
warming. The oxalate is weighed into a beaker and washed 
with successive quantities of warm water, the washings being 
added to the main solution, until all the oxalate is dissolved.* 
The Rochelle salt is dissolved in a little water in a beaker, 
and washed into the mixture ; finally, the iodate is weighed 
out and washed directly into the solution which is well 
shaken, made to the mark, and again thoroughly mixed. 

The “ copper reagent ” used in the above method is a 
freshly made mixture of exactly equal volumes of solutions A 
and B. 

Note, — Only purest analytical chemicals should be used 
in making up the above reagent. When preparing a fresh 
copper reagent it is advisable to check it against a solution 
of pure glucose. 

GLUCOSE 

Colorimetric Method for “True Sugar ” in 0-05 ml. of Blood 
PRINCIPLE 

With this method (King and Garner, 1017 ) glucose is 
estimated accurately in pure solution and in blood. Ihe 
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results obtained are identical with those found with the 
previously described titration method. The proteins are 
precipitated by sodium tungstate and copper sulphate 
(Somogyi, 1931) and the filtrate is treated with a modified 
Harding and Downs (1933) copper reagent, from which the 
iodate is omitted. The cuprous oxide formed is estimated by 
the colour produced with an arseno-molybdie acid solution 
(Nelson, 1944). ✓ 

METHOD / 

0*05 ml. of whole blood is pipetted into 1 *85 ml. of isotonic 
sodium sulphate-copper sulphate solution in a conical centri- 
fuge tube, 0*1 ml. of sodium tungstate is added, and the 
mixture is well shaken. The precipitated proteins and 
copper tungstate are spun down in the centrifuge. 1 ml. of 
the supernatant fluid (s 0*025 ml. of blood) is mixed with 
1 ml. of the mixed copper reagent in a J in. diameter test- 
tube. The tube, stoppered with cotton wool, is placed in a 
boiling water-bath for exactly 10 minutes. After immediate 
cooling, 8 ml. of the arseno-molybdic acid reagent are added. 
The colour is compared, after 10 minutes, with that produced 
by 1 ml. of a standard glucose solution in benzoic acid, 
treated in the same way as the blood filtrate. (Red or orange 
filter.) 


CALCULATION 


Let X = concentration of standard in mg. per ml. 

X X X 


T^, j * Reading of standard 

Blood sugar * = — ■ 

Reading of test 


e.g., with 0 02 mg. 
per ml. standard, 
Blood sugar * 


I _ Reading of standard ^ q . Qf> 
j Reading of test 

1 _ Reading of standard 
i Reading of test 


100 

0*025 

X 

0*025 


Similarly, wth 0 *05 j 
mg. per ml. stan- ^ 
dard, Blood sugar ♦ ) 


Reading of standard 
Reading of test 


mg. per 100 ml. blood. 



22 


phocedubes for whole ulood 

SOLUTIONS 

SoUMon A — ^Thirteen g. CiiSOj.5HjO nrc dissolved in 
water and the volume made to 1 litre. 

Modified Solxilion B.— Fifty g. NallCOj arc dissolved in a 
beaker -vvitli stirring in the minimum amount of distilled 
Avater (about 700 ml.). When all the bicarbonate is dissolved, 
40 g. anhydrous NajCOj arc added with stirring to the 
solution. Wlien the carbonate has dissolved, a solution of 
80 • 8 g. potassium oxalate in 120 ml. of warm water is added 
to the mixture. Finally, a solution of 2-1 g. sodium potassium 
tartrate in the minimum amount of water (about 100 ml.) is 
added. The mixture is poured and washed into a 1 litre 
volumetric flask, the volume is made to the mark, and the 
solution well shaken. 

The copper reagent used is prepared freshly each day and is 
a mixture of exactly equal volumes of solutions A and B. 

Arse7io-molyhdic Add Ucagent (Nelson, 1946). — Twenty-five 
g. ammonium molybdate are dissolved in 450 ml. of water ; 
21 ml. cone, sulplmric acid added, mixed, and then 8 g. of 
sodium arsenate (Na 2 lIA, 04 . 7 Hj 0 ) dissolved in 25 ml. of 
svater. The mixture is kept m the 87* both for 2 days, 
and is preserved in a brown bottle. One volume of this 
reagent is diluted with 2 volumes of water for use. 

Isoionic Sodium Sulphate-Copper Sulphate Solution . — 

A mixture of 820 ml. of 8 per cent, sodium sulphate 
(NttjSO^.lOHjO) and 80 ml. of 7 per cent. CUSO 4 . 5 H 2 O. 

Sodium Tungstate. — ^Ten g. per 100 ml. 

Stock Glucose Solution.— U- anhydrous glucose is 
dissolved in saturated benzoic acid solution (0 • 8 per cent.) and 
the volume made to 100 ml. This is a permanent standard. 

Standard Glucose Solutions.— -These are prepared by dilating 
2, 8, and 5 ml. of the stock glucose solution to 100 ml. with 
saturated benzoic acid solution; giving standards of 0*02, 

O' 03 and 0*05 mg. per ml. (equivalent to 80, 120 and 200 mg. 
glucose per 100 ml. of blood). 

GALACTOSE 

Galactose is not a normal constituent of the blood. It is 
present in considerable amount after oral or intravenous 
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administration, and measurement of the rate at which it 
disappears from the blood is used as a test of liver function 
(King and Aitken, 1940), and of thyrotoxicosis (Barnes and 
King, 1942). 

PRINCIPLE 

The glucose can be completely removed from diluted blood 
by fermentation with washed baker’s yeast. Galactose 
remains unattached and can be estimated in the depro- 
teinized filtrate of the blood by the copper reduction method 
used in the estimation of blood glucose. 

METHOD 

Fresh baker’s yeast (2 g.) is well washed by shaking with 
distilled water (10 ml.) in a centrifuge tube. The yeast 
is spun down ; stirred up with a fresh 10 ml. of water, well 
shaken, and again centrifuged. The washing is repeated a 
third time. The yeast is finally stirred and shaken with 
10 ml. of isotonic sodium sulphate and is ready for use. 

The blood sample ( 0-2 ml.) is added to 2-5 ml. of a mix* 
turc of 22 ml. of isotonic sodium sulphate and 8 ml. of 
10 per cent, sodium tungstate in a centrifuge tube. One ml. 
of yeast suspension is added. The contents of the tube 
are thoroughly mixed with the aid of a glass rod, and the 
tube is then incubated in a water thermostat at 37° C. for 
15 minutes. 

The proteins are precipitated by the addition of 0'3 ml. 
of 7 per cent, copper sulphate. The proteins and the yeast 
are filtered off or centrifuged (for 5 min.) and the galactose 
determined in 2 ml. of the supernatant fluid (equivalent to 
0 •! ml. of blood) by the titration mctliod described for blood 
glucose. 

A blank determination consisting of 2-7 ml. of isotonic 
sulphate-tungstate and 1 ml. of yeast suspension is carried 
through at the same time as the other tests. The blank 
determination on the yeast should give the same figure in 
ml. of thiosulphate as is given by the blank determination 
with water, which is always carried out in the sugar 
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determination. The yeast should also be tested against pure 
glucose and against galactose. 0-2 ml.of a 100 mg. per 100ml. 
galactose solution is analysed with and without the addition 
of yeast. The same reducing power should be found in both 
filtrates, (No preservative should be used in preparing these 
sugar solutions.) 

CALCULATION 

The factor 162, multiplied by the difference between the 
ml. of thiosulphate used in test and blank, gives the mg. of 
galactose per 100 ml. of blood. 

SULPHONAMIDES 

Sulphanilamidc appears in the blood in variable amount 
after administration. Part of it is present in the free state 
and part in a conjugated form. For therapeutic purposes it 
is usual to try to adjust the amount administered by mouth 
so as to maintain a level of 8-15 mg. of the free sulphanil- 
amide per 100 ml. of blood. The total sulphanilamide (i.e., 
free plus conjugated) is usually 20-50 per cent, more than 
the free. 

PRINCIPLE 

The blood is deproteiuized with tnchloroacetic acid. 
Sulphanilamide is estimated in the filtrate by means of the 
diazo reaction. The sulphanilamide is diazotized with 
sodium nitrite, the excess nitrite is destroyed by ammonium 
sulpbamate, and the diazonium compound is coupled with 
naphthyl ethylene diamine. The pink colour produced is 
compared with that developed from a standard sulphanil- 
cAiiifinn treated in the same way. The conjugated 

by boiling the trichloroacetic acid filtrate wun 

acid. Determination of the sulphanilamide in the resultant 

solution gives the total .sulphanilamide, free plus conjugated. 

The chemically related drugs, sulphapyridine and sulpha- 
thiazole, are determined in the same way. 
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JIETHOD 

This method is adapted from the procedure of Bratton 
and Marshall (1939). 0-2 ml. of blood is added to 8-2 ml. of 
■water or isotonic sodium sulphate J 0-6 ml. of 25 per cent, 
trichloroacetic acid is added. The mixture is vigorously 
shaken, and filtered or centrifuged ; 2 ml. of the filtrate 
(=0*1 ml. of blood) are transferred to n test-tube and 1 drop 
of sodium nitrite solution added. Tlie tube is shaken and 
left for S min. ; 1 ml. of ammonium sulplmmate solution 
is added and the mixture left for 2 min. with occasional 
shaking. Two ml. of naphthyl ethylene diamine solution are 
now added and the mixture shaken- The coloured solution 
is compared wth a standard prepared in the same way from 
2 ml. of standard solution ( sO-OOi mg. sulphanilamide). 
The use of a yellow-green light filter (e.g., Ilford spectral 
yellow-green) facilitates the comparison. 

Total sulphanilamide is determined by licating 2 ml. of 
filtrate with 0*5 ml. of K-hydrochloric acid in a 5 ml. volu- 
metric flask in a boiling-water bath for 1 hour. The cooled 
contents of the flask arc then treated with sodium nitrile, 
&c. as in the procedure for free sulphanilamide, and the 
volume adjusted to 5 ml. with water. 


CALCULATION 

I Reading of standard ^ ^ ^ 100 

Blood sulphnnil- 1 Reading of test 0 • I 

amide * | __ Rending of standard ^ ^ 

i Reading of test 
• Rig. per 100 ml. liJoocl. 

If the colour of the test is more than t^vjee as strong as that 
of the standard, the determination should be repeated with 
1 ml. of filtrate plus I ml. of water. 

If sulphapyridine or sulphathinzolc is determined by the 
above procedure, and with a sulphanilamide standard, the 
value obtninctl is multiplied by 1 *4 to give the mg. sulpha* 
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pyridine or iulplmtWazolc per lop Wood. Factors for 
other sulphonaniides arc calculated from the ratios of their 
molecular weights to that of sulphanilnmide. 

SOLUTIONS 

Tnentij-fivc per rent. TriMoroardlc AclJ.—'Imnly-rn-e g. 
of the acid dissolved in water and made to 100 ml. 

Sodium Nitrile Salulion.~Q-5 g. dissolved in 100 ml. of 
svater. This solution is the same ns solution B in the bilirubin 
method, 

Atnfnottittfn Sulphouifjle Solution. — 0*5 g. dissolved in water 
and made to 100 ml. 

Naphthyl Elhylcnc Diamine 0-05 g. of N-(l- 

nophthyl) ethylene dtaminc dihydrochloridc in 100 ml. of 
water ; stored in a brown bottle. 

Stack Standard Sulpkanilamtde (0 • I mg. per ml.). — 100 mg. 
of sulphanilnmide arc dissolved in 1 litre of water. 

Standard Solution (0'002 mg. sulphonilomidc per ml.). — 

2 ml. of the stock standard, together with 15 ml. of the 
25 per cent, trichloroacetic acid, are dilated to 100 ml, with 
water. 

H^EMOGtOBlN 

Haeraoglobinometry Ims two chief functions — firsit, the 
detection of diseases characterized by deficiency or excess of 
haemoglobin ; secondly, the study of changes in haemoglobin 
concentration caused by loss or gain of plasma. For both 
purposes it is desirable tliat the method employed should 
estimate the concentration of all the forms of haern-pigment 
circulating in the blood. Ammimdsen |l93t), 1941) has 
shown that under modem conditions a normal adult may 
have from 2 to 12 pet cent, of his total iiaemoglobin cifcu- 
lating in an inactive form. The inactive fraction is chiefly 
composed of carboxyhaemoglobin, methaemoglobin and sulp- 
haemoglobin. Drugs of the sulphonamide class often increase 
the proportion of inactive haemoglobin in patients receiving 
this form of treatment. 5Iost methods of estimating haemo* 
globin are standardized by reference to determinations of 
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the oxygen*carrying power of blood. These yield valuable 
information concerning one important function of the blood, 
but they may pro\’ide a false picture of the pigment meta- 
bolism, since they take no account of inactive haemoglobin 
which may be capable of regeneration to the active form. 
They may imply the presence of anaemia where none exists. 
For this reason it has been deemed preferable (Clegg and Iving, 
1942) to utilize the iron content of blood as a measure of its 
haemoglobin content. Blood contains about 50 mg. of iron 
per 100 ml. and almost all of this is present in the form of 
haemoglobin. Only a fraction of a mg. of non-haemoglobin 
iron is present in normal blood and this is largely con- 
fined to the plasma. Since all forms of haemoglobin contain 
iron in the same proportion, its estimation serves to give the 
total haemoglobin content of the blood. 

Authorities differ as to the percentage of haemoglobin in 
blood which they regard as a normal figure. The three most 
commonly used arc given in Table 3. There is an in- 
creasing body of evidence to show that Haldane’s (1000) 
figure of 18.8 g. of haemoglobin is too low and that the Hadcn 
(1022) value of 15-0 g. per 100 ml. (20 -O ml. Oj) is a more 
normal figure (cf,, Peters and Van Slyke, 1932 ; Wardlaw, 
1041). This is the figure wc have used and which has seemed 
adequately to represent our normal healthy cases ; it has 
given colour indices averaging unity for healthy persons and 
treated anaemias. 


TAUnu 3 . — Concentrations of Normal*’ Blood Standards 



llalJane 

lladtn 

iUtiU 

R. per 100 nil. 

13-8 

15-0 


U,-cnpacity (ml. per 100 ml.) 

18 5 

20-0 

2T-0 

mp, 1 c per 100 ml 

40-2 

32-2 

57*0 


Four niethoils for estimating haemoglobin arc given. The 
nlhnlinc and the cyandmemnlin mcthoils i^slinmtc the total 
hncmoglohin. The cynn-mclharmoglobin mclho<l estimates 
oxidired ami rtxluced hacmoglobtn, cnrboxyhnenmglobin and 
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methaemoglobin. And the eatboxyhaemoglobin method 
estimates oxidized, reduced and carfaoxyhaemoglobin. 

PRINCIPLES OF METHODS 

Alkaline Haeznatin. The haem — the pigmented con- 
stituent of the haemoglobin molecule — is split off from the 
protein part (globin) by treatment with alkali. The process 
may be accelerated by heat or by a preliminary treatment 
with acid. The brown solution of alkaline haematin, so 
produced, is compared with a standard solution of crystalline 
haemin in sodium hydroxide, 

Cyan-methaemoglobin. The haemoglobin solution is treated 
\vith ferricyanide which turns most forms of haemoglobin 
into the pale yello^r methaemoglobin. The cyan derivative 
of methaemoglobin is intensely red-coloured. 

Cyan Haematin. Haemoglobin is treated Math HCl and 
then with NaCN, and the red colour compared with s standard 
solution of crystalline haemin in cyanide. 

Catboxyhaemoglobin. The solution of haemoglobin is 
treated with carbon monoxide from a cylinder or generator, 
or wth coal gas which contains carbon monoxide. The 
cherry-red colour of the carboxyhaemoglobin, so produced, 
is matched colorimetrically against a standard solution, or 
photometrically with a green light filter. 

METHODS 

Standards of Colorimetric Reference 
Photometric. The most convenient standards are Ilford 
grey screens. These serve as photometric standards for any 
coloured solution read with a suitable light filter (cf., King, 
Gilchrist and Delory, 1944). They are inexpensive, easily 
obtainable and are apparently permanent if kept away from 
heat and from light when not in use. By comparing a grey 
screen against a few bloods of known haemoglofam content 
(by iron or 0^ analyses) with an Ilford mercury green light 
filter over the eye-piece of a Duboscq colorimeter, or a 
sreen filter in a photoelectric instrument, it is possible to 
assign a haemoglobin value to the grey screen, which may 



HAEMOGLOBIN 


29 


thereafter be used as a standard. Grey screens are mounted 
in optical glass and are procurable in any size and shape to 
fit any instrument. 

Colorimetric. The haemin standard recommended by 
Clegg and King (1942) may be used interchangeably with 
a neutral grey screen for the comparisons in the alkaline 
haematin method. It is convenient to standardize a grey 
screen in combination with an Ilford mercury green filter in 
a Duboscq, or with a Chance green filter in a photoelectric 
colorimeter, by reference to a standard haemin solution. 
The haemin used by us for all standard solutions is British 
Drug Houses’ crystalline haemin. 79*4 mg. of pure haemin 
(8-57 per cent. Fe) dissolved in 1 litre of n/ 10 NaOH gives the 
same intensity of colour as blood of 15-6 g. haemoglobin per 
100 ml. when diluted 1 in 100 in soda, and compared, using 
a green light filter. Samples of haemin of other than theo- 
retical iron content should be used proportionately, e.g. 81 mg. 
of 8 • 41 per cent. Fe haemin (79 • 4 X 8 • 57/8 • 41 « 81). 

New standards should be prepared at regular intervals — e.g. 
of two or three months. 

For the cyan-haematin method a standard solution of 
30 • 4 mg, of pure haemin of 8 • 57 per cent. Fe (31 mg. haemin 
of 8 '41 per cent. Fe) in 1 litre of 1 per cent, sodium cyanide 
gives the same colour as 15*6 g. of haemoglobin treated first 
with hydrochloric acid and then with excess sodmm cyanide, 
at a final dilution of 1 in 200 (King & Gilchrist, 1947). 

PROCEDURES 

Cyan Haematin. Macro Method. 0-5 ml. of blood are 
treated in a 100 ml. flask with 75 ml. n/10 HCl and left till 
the transformation to acid haematin appears to be complete, 
e.g. 5 to 10 minutes. Thereupon 20 ml. of 5 per cent. NaCN 
solution are added and w'ater to the mark. The colour is read 
against the cyan-haematin standard with a green light filter. 

Micro Method. 0*05 ml. blood are added to 4-95 ml. x/lO 
HCl, left for 5 to 10 minutes, and then 5 ml. of 2 per cent. 
NaCN added. 

Alkaline Haematin. Method 1. 0*05 ml. of blood is 
diluted with 4 '95 ml. of n/10 NaOH, heated in a boiling-water 



30 PROCED.URES FOR WHOLE BLOOD 

bath for 4 to 5 minutes, cooled, and read against the haemin 
standard in a suitable colorimeter (Duboscq, photoelectric, 
etc.), using a green light filter. 

Method 2. (Method of Wu ; cf., Peters and Van Slyke, 
1932.) 0‘05 ml. of blood is treated with 4 ml. of n /10 HCl, 
left at room temperature for 40 minutes, and then diluted to 
5 ml. vnth N-NaOH. 

Approximate Method with the Lovibond Comparator. 
Through the co-operation of Mr. G. S. Fa^Ycett a Lovibond 
disc has been prepared to match the alkaline haematin 
colours. The values are spaced at 10 per cent, of the Haden 
normal — i.e., at differences of 1 *50 g. haemoglobin per 100 ml. 
The blood is treated by either of the above procedures, the 
test-tube is placed in the Lovibond comparator, and the disc 
is rotated until a colour match is obtained. By careful 
comparison it is possible to gauge colours intermediate 
between those in the disc and hence to read the haemoglobin 
to within about 5 per cent. 

Cyan-methaemoglobln Method. 0*05 ml. blood is collected 
in 9-85 ml. n/20 NH 3 ; 0-05 ml. of 4 per cent. K8Fe(CN)e is 
added, and, after 16 minutes, 0*05 ml. of 8 per cent. NaCN 
solution. (The 0*05 ml. of K3Fe(CN)e and NaCN are most 
conveniently and safely added from rubber-teated droppers, 
which are selected to give the correct quantity fay counting 
the drops required to fill a 5 ml. cylinder.) The solution is 
mixed and the red colour measured in a visual or photo- 
electric colorimeter using a green light filter and a grey screen. 

Carhoxyhaemoglohin Method. 0*05 ml. blood is mixed 
with 9 '95 ml. n/ 20 NHg, well gassed with CO, and read 
against a grey screen with a green light filter. 

’ - . ne n «R 9.1)5 ml. atc best measured by ^eans oj 


Ilford Neutral Grey Screen as Standard. The 0*5 density 
grey screens are of a suitable optical density for easy matching 
when used in a Duboscq colorimeter with a spectram gmen 
filter (both obtainable from Messrs. Ilford Ltd.), ihe 
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optical density of any screen supplied may not be quite that 
which was ordered, but the density is always stated exactly. 

With Duboscq colorimeters the screen (1 in. diameter) is 
placed on the left-hand rack in place of the standard cup, and 
the rack adjusted so that the screen is against the bottom 
of the plunger. The green light filter (| in. diameter) is 
placed over the eye-piece. The coloured solution is placed in 
the cup on the right-hand side, and its depth is adjusted until 
a match is secured. Several readings are made and the 
average depth in mm. recorded. 

In Table 4 are given the readings for test solutions 
prepared from six normal bloods according to the three 
colorimelTic methods, and read against the grey screen on 
three different colorimeters of the makes most commonly in 
use. The same grey screen was used, but different spectrum 
green light filters. The same readings were obtained with 
all three instruments for any blood treated by any one 
method. The readings have all been calculated to a common 
basis — i.e., the depth in mm. at which the bloods, whose 
Oj-capacities had been accurately determined by Van Slyke, 
would match the grey screen when diluted to a haemoglobin 
content of 15 -6 g. corresponding to 20*9 ml. O^. 


TaB’L’e, 4. — Zi/ord Neutral Grey Screen Egmualents of 
Colorimetric Haemoglobin Methods 

(Duboscq colonineteis, 0 57 density grey screen and llfotd 
spectrum green filter; average readings for 10 bloods.) 

Aik. liacmatm Cyanmet-llb Carboxy-Hb 


1 


1 


Av. for each 
colorimeter 

(mm). , . 10-03 10-00 0-88 14 57 14 53 11- 

Av. for all colori- 


meters (mm). . 

CocfOcient of 
variation (%) . 

Equiv. of 0-60 
density grey 
screen (mm),* 


9-S8 


3-03 
^ 0-60 


14 CO 


1 


■0 14 73 14 77 14-78 


0-50 
' 0-57 


1. H.ausch and Lomb colorimeter, macro cups and plungers. 

2. Bausch and Lomb biological type colorimeter, micro cups and plungers. 
3.,iuctt colorimeter, macro cups and plungers. 
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CALCULATION 

fo calculate the Hb content of any blood measured by one 
of tJje procedures described, the reading in mm, of the test 
solution against n 0*5 D screen is introduced in the equations 
ns follows ; 

(I) Alkaline Haematin — 

I5*fi X S-75 

p" ■‘'’® 


100 X 8-75 


rendjjjg of test 

( 2 ) Cyan-mcthaemoglol)ln 


Hb as percentage of Hoden normal 


15-0 X 12-8 
rending of test 


= g. HI) per 100 ml. blood 


100 X 12-8 
reading of test 


« Hb as percentage of Hnden nornial 


(8) Carboxyhaemogloblii) slmilariy, using 12*05 mm. as 
standard reading. 

With grey screens of other densities the standard equiva* 
Icnts in mm. are derived by simple calculation ns illustrated 
in Table 4. For bloods of very low Hb content it is 
advisable to use a weaker grey screen — e.g., of 0-25 density, 
whose Hb equivalent would be half that of the 0*5 density 
screen. It is recommended that each worker should always 
calibrate his own grey screens against accurately analysed 
bloods. 

With photoelectric colorimeters the neutral grey screen is 
also a satisfactory standard. It is necessary to calibrate a 
grey screen in a given instrument against several bloods 
whose Hb contents have been accurately determined. Once 
this calibration has been made the grey screen serves as a 
convenient and apparently permanent standard. 
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rnocmvnKs ron plasma 


Nessloriratlon Method 
PRtNcrrLE 

Oxnlatcd plasma diluted with isotonic sodium chloride is 
used for cstinialion of total protein. Another portion of tiic 
diluted plasma is treated with calcium chloride, and the 
fibrin clot removed. A further (frcsli) sample of plasma is 
treated with sodium sulphite solution, which precipitates the 
“ globulin,” and tjie filtrate is used for estimation of “ albu- 
min.” For total protein, and “ albumin,” the protein is 
precipitated with zinc sulphate and sodium hyiiroxidc, the 
precipitates and the fibrin clot being then digested with 
sulphuric acid and selenium dioxide. The protein nitrogen 
is estimated colorimctrically, as ammonium sulphate, with 
^fess^c^'s sofutfon. Tfic nitrogen figures multiplied by 0*23 
give the approximate protein values, which arc expressed as 
grams per 100 ml. of plasma. 


METHOD 

(A) Total Protein. 0*2 ml. of plasma (from oxalated blood) 
in a 20 ml. volumetric cylinder is diluted to 20 ml. with 
Uotonic (O'O g. per 100 ml.) sodium chloride. 0*6 ml. of this 
solution ( ss 0*005 ml. of plasma) is pipetted into 4 ml. of 
water in a Pyrex centrifuge lube. 0-1 ml. of zinc sulphate 
and 0*1 ml. of 0*5 K-sodium hydroxide arc added with 
mixing, and the precipitate is centrifuged down. 

When the supernatant liquid has been carefully decanted, 
the inverted tube is drained mi a filter paper. 0 2 ml. of 
50 per cent, sulphuric acid containing 1 per cent, of selenium 
dioxide is added, together Avith a small piece of porous pot. 
The mixture is gently boiled until blackening occurs and 
white acid fumes appear.* Heating is continued until the 
mixture is colourless, and for 3 or 4 minutes more. To the 
cooled colourless solution ore added 3 ml. of Abater and the 
mixture is Avell shaken. Three ml. of Nessler’s solution are 
added and the mixture again well shaken. The colour is 
compared Avith a standard prepared from 5 ml. of the standard 

• An electric heater of the type supplied by Messrs ^ambrell Rros., 
Seientinc Instruments, London, S.AV, 18,»nd Messrs. GoUenf.nnips, Sun Street, 
I/indon, E.C. 2, is useful for this purpose. 
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ammonium chloride solution (containing 0 ■ 01 mg. of nitrogen 
per ml.) and 8 ml. of Nessler’s solution. A violet light 
filter may be used wth advantage in this colorimetric 
comparison. 

CALCULATION 

Reading of standard ^ ^ ^ 100 ^ 0-25 

Reading of test ' 0 • 005 1000 

Reading of standard ^ g .25 
Reading of test 

• g. pet 100 ml. of plasm.». 

Note. — If the highest accuracy in the total protein 
estimation is not necessary, the 0*5 ml. of diluted plasma 
may be digested with sulphuric acid without the preliminary 
precipitation of the protein with zinc hydroxide. The 
results will be approximately 0-15 per cent, too high. 0*15 
per cent, protein corresponds to the average non*protein 
nitrogen equivalent of 24 mg. per 100 ml. of normal plasma. 
This simplification should only be used in cases where the 
N.P.N. is known not to be elevated. 

(B) Fibrin. To 10 ml. (= O-l ml, of plasma) of the solution 
of plasma in isotonic sodium chloride, placed in a narrow 
tube, is added 0-2 ml. of calcium chloride solution. The 
mixture is kept at 87° C. until clotting occurs. The fibrin 
is carefully collected on a thin glass rod, pressed to remove 
liquid, washed w’ith water, and dropped into a test-tube for 
digestion. This, and also the colorimetric estimation, is 
carried out exactly as in the case oPtotal protein. 


Total 

protein- 

(A)* 


CALCULATION 

( = of standard ^ ^ 100 6*25 

Fibrin I Reading of test ° cTl ^ 1000 

(P) t j _ Reading of standard ^ o*31'»'' 

\ Reading of test 

t K. itvr ion ml. of plium t. 
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(€) " Albumin/* 0-2 ml. of plasma is placed in a 10 ml, 
volumetric flask containing a micro drop of caprylic alcohol. 
Tlie volume is made to 10 ml. with a solution of sodium 
sulphite. The mixture is kept at room temperature for 
10 minutes and is then filtered through a fine filter paper. 
0-5 ml. of the filtrate (s 0*01 ml. of plasma) is placed in 
4 ml. of water in a Pjtcx centrifuge tube and the protein 
precipitated with zinc sulphate and sodium hydroxide, spun, 
drained, digested, and estimated as ammonium sulphate 
exactly as in the case of total protein. 


“Albumin” 

{C)t ” 


Dt * 

“ globulin ” =* 


CALCULATION 

Kcading of standard 100 6-35 

'• Reading of test 0-01 1000 

Reading of standard ^ 3.105 
Reading of test 

Total protein — fibrin 4- “ albumin ” 

A - (B + C) 

t g. jicf 100 ml. of plflsma. 


SOLUTIONS 

Fifttj per cent. Sulphuric Acid, containing 1 per cent, of 
Selenium Dioxide {SeOi), Ncssler's Reagent, and Standard 
Ammonium Chloride as for urea and non-protein nitrogen. 
Calcium Ch1oride.~2’5 g. per 100 ml. in water. 

Sodiu7n SulphUe.~-^2 g, of sodium sulphite (Na.SO3.7H2O) 
dissolved in warm water and made to 100 ml. 


It has been shown by CampbeU I'ShSf 

of 3 hours) and at room ^pe^ture bestead of ^37 

iJin, to give 

' . • te procedure 
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PLASMA PROTEINS 
Kjeldahl Method 
PRINCIPLE 

The plasma proteins ate precipitated by molybdic acid and 
the precipitate is digested AVith sulphuric acid. By this pro- 
cess the protein nitrogen is turned into ammonium sulphate. 
The digested mixture is transferred to a distillation apparatus 
and the ammonia is liberated by addurg an excess of sodium 
li 3 ’droxide. The ammonia is distilled bj' steam and is carried 
over into an excess of standanl sulphuric acid solution. By 
titration of the excess of standard acid, that amount of it 
which has been neutralized by the ammonia is determined. 
From this the percentage of proteins is calculated. 

The albumin, and by difTercncc the globulin, is determined 
in a similar manner in tlic filtrate from a sample of plasma 
which has been treated with sodium sulphite solution. 
Treatment of the solution with sodium sulphite brings about 
precipitation of the globulin fraction and leaves the albumin 
in solution. 


METHOD 

Total Protein. 0*2 ml. plasma {from oxolatcd blood) is 
mixed with 5 ml. of water in a round-bottom Pyrex centrifuge 
lube. To this mixture arc added 0*2 ml. of 7 ‘5 per cent, 
sodium molybdate and 0-2 ml. of 5 K-sulphurie acid. The 
tube is shaken and centrifuged for 5 min. The supernatant 
Iluid is complctclj* dccantctl off and the tube inverted and 
nllowcil to drain on a filler paper. Two ml. of 50 per cent, 
sulphuric acid (containing 1 per cent, selenium dioxide) 
arc added, together with a small piece of porous pot. The 
mixture is heated on an electric coil heater or with a very 
small gas flame and is gently boiled until blackening occurs ; 
thereafter the healing is eontinuctl for about 2 hours. If a 
coiulciisalc of selenium (reddish-brown deposit) forms at the 
side of the lube, it is returned to the body of tlie digestion 
mixture by gentle shaking. 
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'iJic (JisMlIntion of the nnimoiiia is* performed with the 
inicro-Kjeldnhl distillntion nppnmtns iis described under the 
method for total nitrogen in urine. The apparatus is cleaned 
by passing steam tljrongh it for about 20 minutes, and the 
cooled contents of the digestion tube are then transferred 
quantitatively into the apparatus with several washings of 
water. 

1‘iftccn ml. of n/TO sulphuric acid containing the special 
indicator * arc placed in a conical flask which is p»it in position 
with the end of the dcliverj' tube under the surface of the 
acid. Five ml. of strong sodium hydroxide (40 per cent.) are 
now added to the distillation apparatus through a small 
funnel. The ammonia which is liberated is carried over into 
the standard acid by bubbling steam through the mixture. 
A burner is placed under the large round*botlom flask wliich 
is about half-full of water, and stcani is passed throtigh the 
mixture until the nniount of liqtiid in the conical flask is 
about twice wlmt it was at the beginning of the distillation 
(10 to 15 minutes). Tlie conical flask is now lowered until 
the end of the condenser tube no longer dips into the liquid ,* 
and the distillation is continued for a minute. The tube is 
washed down witfi water, to remove any adhering acid into 
the conical flask. 

The titration of the excess acid in the conical flask is per* 
formed from a 10 ml. burette with J</70 sodium hydroxhle. 
The titration figure so obtained is subtracted from the 15 ml. 
of n/ 70 sulphuric acid to give the ml. of standard acid which 
have been neutralized by tlie ammonia. 

Cleaning of DisiiUation Apparatus. The Bunsen burner is 
removed from under the boiling flask and the partial vacuum 
thus created causes the liquid in the distillation apparatus to 
be sucked back into the waste chamber. When this has 
occurred the Bunsen burner is replaced and the steam allowed 
to pass until about 10 ml. of water have accumulated in the 
distillation chamber. The Bunsen burner is again removed 
and the distillate sucks back into the waste chamber. This 


• Sl70 
litre of T 
methyleni 


K^O sulphuric acid in 2o per cent., ethyl atwliol, 
dt Toshiro’s indicator (0*08 per cent. 
lylene blue in alcohol). ^ ~ 
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process is repeated two or three times to ensure thorough 
cleansing of the distillation chamber. For the precautions 
which should be observed in performing the miero-Kjeldahl 
procedure, Pregl’s “ Quantitative Organic Microanalysis,” 3rd 
ed., p. 88, should be consulted. 


CALCULATION 


1 ml. n/70 HjSO^ — 0*2 mg. of nitrogen 


Total Protein * 


= ml. N/70 HjSO.t X 0-2 X ^ X ^ 
' ^ 0-2 1000 

= ml. n/70 H 2 SO 4 X 0-625 


* g. per 100 ml. of plasma, 
f neutralized by the ammonia. 


Albumin. 0-5 ml. of plasma and a small drop of caprylic 
alcohol are placed in a 10 ml. volumetric flask or cylinder 
and 42 per cent, sodium sulphite solution is added to the 
mark. The mixture is well mixed and allowed to stand for 
16 minutes, when it is filtered through a Whatman No. 82 or 
42 filter paper. Five ml. of filtrate (= 0-25 ml. of plasma) 
are transferred to a round bottom Pyre.x centrifuge tube. 
A drop of caprylic alcohol and 1 ml. of 50 per cent, sulphuric 
acid are added. The tube is shaken to drive off the SOj 
liberated from the sodium sulphite by the sulphuric acid. 
0-5 ml. of 7*5 per cent, sodium molybdate is added to pre- 
cipitate the albumin and the tube is shaken and centrifuged. 
The supernatant fluid is carefully decanted off and the tube 
drained. The subsequent analysis is carried out exactly as 
described for total protein. 


CALCULATION 


Aix *( = "’*■ "Z™ H..S0.5 X 0-2 X X — 
Albumin JJ ' ^ ” 0-25 1000 

( = ml. n/ 70 HgSOj X 0-5. 


$ g. per 100 ml. of plasma. 

§ neutnilized l^* the ammoiiia. 
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Fibrin. One ml. plasma together with 1 ml. of 2 - 5 percent 
calcium chloride solution and 25 ml. of 0-9 per cent NaCl 
solution are mixed and kept at 87° for 30 minutes or until 
clotting has occurred. The clot is collected on a thin glass rod, 
pressed to remove liquid, washed with a little 0-9 per cent.' 
NaCl solution and placed in a round-bottom Pyrex centrifuge 
tube for digestion as in the case of total protein. 


CALCULATION 


Fibrin K 0'2 X 

1 = ml. n/70 HjSOj X 0-125. 


• g. per 100 ml. of plasma, 
t ncutmliied by the ammonia. 


6-25 


PLASMA SODIUM 

The sodium of the blood is concentrated in the plasma, 
very little being found in the red cells. In normal persons 
plasma sodium values lie between S25 and 850 mg. per 100 ml. 
In acute cases of Addison’s disease the amount is lowered, 
when values approaching 250 tng. may be encountered ; in 
chronic cases it may be only slightly depressed. 

PRINCIPLE 

After precipitation of the plasma proteins by trichloro- 
acetic acid the sodium in the filtrate is precipitated as sodium 
zinc nranyl acetate. After washing, this precipitate is 
treated with potassium ferrocyanide and the resulting 
plum red colour (nranyl ferTO<yanide) is compared mth that 
produced by a standard sodium chloride solution which has 
been treated in a similar fashion. 


METHOD 

This method is adapted from the procedure of Noyons 
(1939). To 0-5 ml. of serum or pU^ma are added 1-5 ml. 
of 7 per cent, trichloroacetic acid. The mixture is shaken 
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well and filtered after 5 minutes; 0*2 ml. of the filtrate 
(s0*05 ml. plasma) is transferred to a centrifuge tube 
containing 1 ml. of absolute alcohol and 0*4 ml. of zinc 
uranyl acetate reagent. The contents are mixed and kept 
in the ice-box overnight;* they are then centrifuged for 
15 minutes. The supernatant solution is decanted, the tube 
allowed to drain on a filter paper for 10 minutes, and the lip 
dried ; 5 ml. of absolute alcohol saturated with sodium zinc 
uranyl acetate are added ; the contents arc mixed, by rotating 
the tube, centrifuged for 15 minutes and drained as before. 
The precipitate is then dissolved in 10 ml. of dilute acetic 
acid ; 0*25 ml. of potassium ferrocyanide solution is added 
and after mixing the tube is allowed to stand in the dark for 
5 minutes. The coloured solution is compared with that pro- 
duced from a standard sodium chloride solution, 0*2 ml. 
( s 0*15 mg. Na) of which has been treated simultaneously 
in the same way as the deprotcinized plasma. (Colours must 
be read within 15 minutes or a clouding may occur. Creen 
light filter.) 


CALCULATION 


Plasma sodlunit-| 


Reading of sta ndard 
Reading of unknown 
Rending of standard 
Rending of unknown 


X 300 


♦ mg. per 100 ml. of plawin. 


SOLUTIONS 

Standard (containing 0-T5 mg. Na per ml.). — lOI mg. 
of analytical dry sodium chloride dissolved in 100 ml. in 
water in a volumetric flask. 

Trichloroacetic Acid . — Seven g. per 100 ml. in water. 

Zinc UrantjJ Acetate Ifen^ent . — ^Twenty g. of uranyl acetate, 
UOj(CIIsCOO)j.21IjO, no g. of aanc acetate, Zn(Cn 5 COO)j. 

• II I* not po«it>|^ to otitain tnmpMr prrrfpilnlion of the sodium line 
unin \1 acetate in a aliort time. A 2 |ir. preriiUtatlon innv l«e tiv>»|, hoMever, 
alttvough the mult* will lje lew amiratc. 
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2llj0, and CO ml. of glacial acetic netd arc added to 020 ml. 
of distilled water and warmed gently until dissolved. After 
standing 21 hours the solution is filtered into a dark bottle 
and stored in the icc-hox. The solution must he filtered 
immediately before use. 

Soiurated AkohoUc Sodium yAnc IJranyl Acetate.— Forty ml. 
of zinc uranyl acetate reagent are mixed with 50 ml. of 50 
per cent, alcohol saturated with sodium chloride ; 100 ml. of 
absolute alcohol are added, and, after standing in the ice-box 
ovenught, the supcmalanl solution is decanted. The pre- 
cipitate is washed several limes with alcohol, drained, dried 
and then shaken with 500 ml. of absolute alcohol. This is 
stored in the ice-box and filtered immediately before use. 

Potassium Ferrocyanidc. — Twenty g. dissolved in water and 
made to lOO ml. 

Dilute Arctic Acid. — 0*5 ml. glacial acetic acid made to 
100 ml. with water. 


BILIRUBIN 

Normal blood contains small amounts of the yellow pig- 
ment bilirubin.* These quantities may be greatly increased 
in various types of jaundice. 


PRINXIPLE 

The plasma is treated with dinzolized sidphnnille acid, witJi 
the addition of ammonium sulphate and alcohol to precipi- 
tate the protein. The red colour produced was originally 
compared colorimetrically against a standard solution of 
bilirubin, treated with diazotized sulphanilic acid. This 
is, however, difficult to obtain pure, and various artificial 
“ permanent standards ” Jinve been devised. The most 
satisfactory is that containing methyl-red (o-carboxybenzene- 
a2o-dimethylaniUne-~2 • 9 mg- per litre at pH 4 * 03) m sodium 
acetate buffer. The colour of this solution accurately 


hrnits O-J to O 8 (Vaughnn nnd lliislewood, 1IK}8^ 



BILISUBIN 


43 


matches the colour obtained when 0*1 mg. of bilirubin is 
treated with the diazo reagent in a final volume of 25 ml. 

METHOD 

One ml. of plasma is treated in a centrifuge tube with 0 -5 ml. 
of diazo reagent,* 0-5 ml. of saturated ammonium sulphate, 
and finally 3 ml. of absolute ethyl alcohol. The mixture is 
stoppered, thoroughly mixed, allowed to stand for a few 
minutes, and filtered. Under these conditions the dilution of 
the plasma closely approximates to 1 in 4, allowance being 
made for the volume of the precipitate and for the change in 
volume when alcohol is added to water. The colour of the 
clear filtrate is. compared with the standard mentioned above 
( = O'l mg. of bilirubin in a volume of 25 ml.) (Haslewood 
and King, 1987). 

CALCULATION 

Reading of standard y o-l x — x 
Reading of test 25 1 

Reading of standard ^ 

Reading of test 

t mg. per 100 ml. of pJasma. 

It is frequently found that brownish or purplish tints 
produced in the reaction make colorimetric comparison with 
the artificial standard difiicuU. These extraneous colours 
(probably due to traces of substances other than bilirubin 
which react with the diazo reagent) may be eliminated by the 
use of a green light filter (see section on photometric measure- 
ment, p. 142). The green filler (Ilford spectrum green is an 
appropriate type) is placed over the cye-piece of the colori- 
meter and the reading made against the artificial standard. 
The adjustment is then made in a green field whose two 
halves arc of exactly the same quality of colour and differ 
only in intensity. The reading is taken in the usual way. 

• If tlic diazo reagent Is carefully ** layered *• ubovc the plasma, and the 
tube altoMcd to stand for « few moments, a positive " direct ’’ reaction (if 
present) may be setti at the licjind junction. 


Rilirubin t'S 
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PliOCEDUIiES FOR PLASMA 


SOLUTIONS 

StDck Standard MeihjUrtd Sohiiion. — 0-29 g. of pure 
methyl-red is dissolved in glacial acetic acid and the volume 
made to 100 ml. 

MethtjUred Standard ( 2-0 mg. per litre at pH 4-C3).— 
1 ml. of the above standard is placed in a litre flask, together 
with 5 ml. of glacial acetic acid. Water is added, and 
14-4 g. of ciystallized sodium acetate are washed into the 
flask. IMien dissolution is complete, the volume is made to 
1 litre with water. 

The Diaso Peagent. — This is made by mi.\ing two solutions, 
A and B. 

Solution A is made by dissolving 1 g. of sulphanilic acid 
in 250 ml. of N*hydrochloric acid, and making the volume to 
1 litre with water. 

Solution B contains 0*5 g. of sodium nitrite in 100 ml. 
of aqueous solution. 

The diazo reagent mentioned above is made freshly before 
use by mixing 0-8 ml. of solution B with 10 ml. of solution A. 

CHLORIDE 

The blood plasma of normal persons contains from 560 to 
C20 mg. of chlorides per 100 ml. (expressed as NaCl *). A 
decreased plasma chloride may occur in febrile conditions, 
particularly pneumonia, Addison's disease, and in cases of 
gastro-intestinal disturbances associated with vomiting or 
with diarrhoea. 

lodimetric Method 
PRINCIPLE 

The metiiod is based on the reaction : 

NaCl -h AglOa — > AgCl + NalOg 
Silver iodate in ammoniacal solution is added to the de- 
filtrate of blood or plasma. The excess of silver 
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iodate, together with the silver chloride formed, is precipi- 
tated by the addition of acid, leaving in solution an amount 
of soluble iodate equivalent to the amount of chloride origin- 
ally present. After the addition of potassium iodide, the 
amount of iodine set free from the soluble iodate is determined 
by titration with thiosulphate. 

SIETHOD 

0-2 ml. of plasma is added to 1 ml. of water. 0*4 ml. of 
zinc sulphate solution and 0 • 4 ml. of 0 * 5 N-sodium hydroxide 
are added and thoroughly mixed. The mixture is then 
centrifuged. One ml. of the supernatant liquid (sO*! ml. 
of plasma) is treated with silver iodate reagent (0-5 ml.) and 
after mixing, with 2 N-sulphuric acid (0 • 5 ml.). The mixture 
is shaken and filtered through a small fine paper. One ml. 
of filtrate ( s 0*05 ml. of plasma) with the addition of 1 ml. 
of 1 per cent, potassium iodide, is titrated with 0*005 N- 
sodium thiosulphate, with starch as indicator (Haslewood 
and King, 1930), 


CALCULATION 

Chloride (as mg. NaCl per 100 ml. of blood) =07*5 X titre, 
SOLUTIONS 

PrcpaTation of Silver Iodate Reagent . — Silver iodate is 
prepared by mixing equimolecular solutions of silver nitrate 
and potassium iodate. The precipitate is filtered, washed 
W’ith distilled water, dried in vacuo, and preserved in the dark. 
Two g. of the dried solid are dissolved in 100 ml. N-ammonia. 
Both silver iodate and its amnioniacal solution appear to 
decompose slightly when kept, with liberation of soluble 
iodate. Immediately before a series of determinations, 
therefore, 5 ml. of the stock (2 per cent.) ammoniacal silver 
iodate are ncidirie<l with 2 N-sulphuric acid (5 ml.) and 
centrifuged. The supernatant fluid is discarded and the 
iodate reilissolvcd in 5 ml. of fresh N*nmmonia. 
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Adsorstion Indicator Method 
PniNCIPLE 

Certain fluorescent indicators (e,g., eosin, fluorescein) are 
adsorbed strongiy on precipitated silver chloride, but are 
released into the solution on addition of the first excess of 
silver nitrate. 


PROCEDURE 

0-2 ml. of plasma is treated in a conical centrifuge tube 
with 0-8 ml. of water and 6 ml. of acetone. The tube is 
closed with a rubber cap, and is inverted gently to mix the 
contents. It is then centrifuged, with the rubber cap in 
place to avoid evaporation. Five ml. of the clear supernatant 
are pipetted off from the precipitated proteins, and are 
transferred to a | in. test-tube for titration. 

At the same time 0*2 ml. of a standard NaCl solution 
(600 mg. per 100 ml.) is treated similarly with 0 • 8 ml. of water 
and 6 ml. of acetone, and 5 rub of the mixture removed for 
titration. 

To the 5 ml. of plasma supernatant and the 5 ml. of standard 
are added 0-3 ml. of 0-05 per cent, dichlorofluoreseein in 
alcohol. Silver nitrate (n/ 58*5) is added from a 2 ml. 
burette, with shaking, until the sudden change from greenish 
white to a pinkish colouration is obtained. 


CALCULATION 

Plasma chloride _ ml. AgNOg for test ^ 
(mg. NaCl per 100 ml.) ml. AgNOs for standard 


CARBON DIOXIDE COMBINING POWER 

Between 55 and 75 mb of carbon dioxide are normally 
held (partly in solution and partly in chemical combinatjon) 
by 100 ml. of blood plasma. About 90 per cent, is present 
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ill the combined form as sodium bicarbonate, and a determina- 
tion of the amount of carbon dioxide which can be held by 
a sample of blood plasma gives a measure of the alkali present. 
The alkali of plasma is thus usually referred to in terms of its 
“ COg-combining power.” In clinical conditions in which an 
“ acidosis ” is present (e.g., diabetes, starvation, and severe 
nephritis) the production in the body of various acid sub- 
stances results in part of the alkali of the plasma being com- 
bined uith these other acid bodies. Less carbon dioxide is 
consequently held in combination by the plasma, and the 
“ COj-combining power ” is therefore reduced. In other 
clinical conditions involving the accumulation of excess 
alkali in the blood (e.g., alkali administration, intestinal 
obstruction, over-breathing) more carbon dioxide is held in 
combination in the plasma than is normally the case. This 
condition is usually known ns one of “ alkalosis.” 

PRINCIPLE 

The carbon dioxide is liberated from its combination with 
alkali in the plasma by the addition of acid and the volume 
of gas evolved is measured in a special apparatus designed 
by Van Slyke. Tlic volumetric method and apparatus 
introduced by Van Slyke and Cullen (1017) is described. This 
has been found more suitable for student use than the mano- 
mclric apparatus of Van Slyke and Neill (1024). The latter 
sliould be used for work requiring the highest accuracy 
(cf., Peters and Van Slyke, 1032), but the simpler volumetric 
apparatus is adequate for all routine purposes. 


METHOD 

Five ml. of freshly drawn oxalated blood arc centrifuged 
until the supernatant plasma is free of cells. About 2 ml. 
arc transfcrrctl to a separatory funnel (about 250 ml.). By 
means of n short rubber Ui1»c, the stem of the funnel is con- 
nected to n Ixittlc containing glass lieads and a little water 
(see Fig. 1). 
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PltOCEDVIiKS FOIt PLjISMA 

The stop-cock of the separatory funnel is opened, the 
stopper removed and a long breath slowly blown into the 
tnouthpjcce of tlie bottle and through the scpanitory funnel. 
Immediately the e-\piration is complete the stop-eock is 
closed and the stopper replaced in the separatory funnel. 
The plasma is now' in contact w'ith a carbon dioxide-containing 
atmosphere winch is very close in composition to alveolar 

<zzz> 


Tig. 1.— Apparotus fot satuntting plawm wiili C0» (Van SI>-ka). 

The bottle coQttkia^ glass bcadi. {rrom Hcnumont f: Dodds :J?eteniAilvoneet 
in MtdMnt.) 

nil*. After disconnecting the funnel nt the rubber tube, the 
plnsma is spread over the walls of tltc funnel by gentle rota- 
tion for 1 min. in order thotit may bcconjc saturated willitlie 
carbon dioxide of the alveolar n»r. The plasma is now allowed 
to drain into the narrow end of the funnel. 

TJjc Van Slykc apparatus (sec Fig. 2) is prepared for use 
in the following manner. 

Stop-cock (r} is opened and the mercury reservoir is raised. 
The mercury rises in the chamber (a) of the apparatus, 
and is allowed to flow into the side arm from the stop- 
cock (n). Stop-cock (e) is now turned to connect with the 
inlet chamber (b) and the level of mercury raised in order to 
f\U the capillary opening at the bottom of (b). (e) is now 
turned ofl’ and the apparatus shoaW be air free {e.g., u'ith 7io 
bubbles at the top of the tubes (c) and (d) immediately 
below the stop-cock (f) ). This can be tested for, with the 
stop-cock (r) open first to connect tlie chamber with (d) and 
then with (c), by lowering the mercury reservoir until the 
mercury falls to the 50 ml. mark and then gently raising till 
the mercury comes ivith a clicking sound into the top of the 
burette below (e). If the mercury does not click soundly 
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into tjie top of the burette, air has leaked into the apparstcs 
*and the stop-cocks should be re-greased in order that tfcsr 
shall be airtight. 

Distilled water (1 ml.) is added to the inlet charcbsc-CsV 
One ml. of plasma is removed from the separatory fusseJ 
is run into the chamber (b) below the surface of the 
water. A drop of caprylic alcohol is 
added as an anti-frothing agent and 
the contents of (b) are allowed to run 
into the burette by carefully opening 
the stop-cock (e) and very gradually ‘ 

lowering the mercury reservoir from \ 

its previous position at the height of 
(e). a small amount of water should , , 

be left filling the capillaiy' at the 
bottom of (b). Stojjcoek (e) is now 
turned off, great care being taken f 

that no airls allowed to pass thros^ I 

it into the burette. 0*5mLoflac*je 
acid solution (I vol. of cone, zoi ? 
diluted to 10 vols. uith water) fiT- ' 

now placed in (b) and is cartfiT-r f ' 

dra\vn into the burette in the <=■. i; 

already described, care befc? s-riTa i 

taken to leave a small if 

liquid in the capiUan- at ^ 

of (b) and admitting' DO . 

burette. The mcrcoir ^ 

lowered until the ,Z 

SOml.markandthe.t^^'^-,':^ - - 

of the burette and £0 sC — 

vacuum and the erV.t xr 

from its combinai^ k s-.-ssn " vributed in 

acid is seen to hrC j . jw of “ organic 

ah the carbon Jar the most 

IS shai" contained in the 

carefiihy i jw ^ .^ss^ gomy elin. There 

apparatus tSf js-ff-sr r j the cells as in the 
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a very small amount of fluid at the bottom of the 50 ml. 
chamber, (f) is now turned round so as to be open to (c) 
and the mercury is allow’ed to run into the 50 ml. chamber 
and up into the graduated burette tube. The surface of the 
mercury in the reservoir is held level with the surface of the 
mercury in the burette tube, so that the carbon dioxide in 
the burette is now at a pressure equal to that of the atmo- 
sphere. The volume of the gas is read from the bvwette and 
is corrected to standard pressure and temperature. For this 
calculation the temperature and barometric pressure at the 
time of the experiment are, of course, necessary. 

CALCULATION 

The figure obtained, the ml. of carbon dioxide released 
from 1 ml. of plasma, is reduced by reference to the table to 
the number of ml. of carbon dioxide which would be liberated 
from 100 m(. of plasma at standard temperature and pressure. 
This is the “ COj'Combining power ” of the plasma. 

PHOSPHORUS : DISTRIBUTION IN BLOOD 


The phosphorus of the blood is present partly as inorganic 
phosphate and partly in combination with several organic 
sxibstances. It is distributed as follows : 



Whole blood 

Plasma 


mg. P per 100 ml. 

Inorganic phosphate 

. 2 to 3 

2 to 3 

Ester „ 

. 20 to 80 

1 to 2 

Lipide „ , ^ . 

. 11 to 14 

7 to 10 

Nucleotide „ 

. 2 to 8 

— 

Total ,, . . 

. 35 to 50 

10 to 15 


The inorganic phosphate is about equally distributed in 
cells and plasma. The ester phosphate consists of “ organic 
salts ” of phosphoric acid, which are present, for the most 
part, in the cells. Lipide phosphate Is that contained in the 
phosphatides — lecithin, kephalin and sphingomyelin. There 
is about Uvace ns much lipide pliosphate in the cells as in the 
plasma. 
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Ester Phosphate. The phosphoric esters, like inorganic 
phosphate, are soluble in acid and are present in a filtrate 
of blood which has been deproteinized with trichloroacetic 
acid. The inorganic and ester phosphates are known as 
“ the acid soluble phosphate.” Only a small amount of ester 
phosphate is present in the plasma (about 1 mg. V per 
100 ml.) ; it is thought to be a phosphoric ester of a sugar 
or related substance. The cells contain 40-00 mg. ester P 
per 100 ml. Iduch of it is present as phospho-glyceric acid ; 
the composition of the remainder is not fully knowm. Some 
of these esters are readily hydrolyzed with liberation of free 
phosphate by the action of the enzymes present in the blood. 
Consequently, an increase in the inorganic phosphate occurs 
when blood is allo^ved to stand ; this cliange is aeeelerated 
if the cells be haemolyzcd. It is, therefore, essential to 
conduct the analysis for free and ester pliosphate on freshly 
drawn blood. 

The ester phosphate is definitely low in rickets. It returns 
to normal on the addition of Vitamin D to the diet. Children 
suffering from osteomyelitis may have a high ester phosphate 
of the plasma, with that of the cells unaffected or even 
decreased. An increase of ester phosphate has been observed 
in conditions of trauma due to resorption from muscle. 

PRINCIPLE 

Inorganic phosphate couples with molybdic acid to form 
a yellow phospho-molybdate ; this can be reduced to give 
a blue colour which is directly proportional to the amount 
of inorganic phosphate present. The ester phosphate is not 
capable of reacting W’ith molybdic acid until after destruction 
of the organic matter by digestion tvith hot concentrated 
perchloric acid, when all the phosphate is converted to the 
inorganic, reactable form. Its measurement gives the total 
phosphate, iiiorganic plus ester, which was originally present 
in the trichloroacetic acid extract of the blood. 

The ester phosphate is obtained from the difference between 
the inorganic phosphate and the total acid-soiubte 
phosphate. 
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METHOD 

Two ml. of freshly drawn oxalated plasma or whole blood 
are diluted with 5 ml. of water and treated with 3 ml. of 
25 per cent, trichloroacetic acid. The mixture is well shaken 
and is filtered after 5 minutes. Analyses for total “ acid- 
soluble ” and inorganic phosphate are carried out on the 
filtrate as below. 

Total ** Acid-soluble ** Phosphate. Five ml. of the tri- 
chloroacetic acid filtrate from plasma (= 1 ml. plasma) or 
0*5 ml. of filtrate from whole blood or cells (s O-l ml. blood) 
are measured into a 15 ml. volumetric flask of good acid- 
resistant glass, 1’2 ml. of 60 per cent, perchloric acid are 
added and a small piece of porous pot to prevent bumping. 
The contents of the flask are heated carefully with a micro- 
burner (using a very small flame) or on ajr electric heater. 
(Approximately 0-2 ml. of perchloric acid is lost in the 
heating.) As the contents of the tube become concentrated 
they turn bro>vn and then, as the temperature rises and the 
acid begins to fume, they become colourless, the organic 
matter being completely oxidized in a few minutes. In 
some cases, where the amount of organic material is large 
and the oxidation slow, it may be necessary to add a drop 
of nitric acid or of 30 per cent, hydrogen pero.xide 5 in this 
case it will be necessary to continue the heating for 3 or 4 
minutes after the mixture has become colourless, in order to 
drive oil the excess of these reagents. The cooled contents 
arc diluted with about 10 ml. of water. One ml. of 5 per cent, 
molybdate and 0-5 ml. of reducing agent ore added to the 
test. At the same time two standards are prepared from 
5 ml. and 10 ml. of the standard solution (0-01 mg. P 
per ml.), 1 ml. of perchloric acid, 1 ml. of molybdate and 
0-5 ml. of reducing agent. Test and standards are diluted 
to the mark, mixed, and the lest read after 10 minutes against 
the appropriate standard, using a red or orange light filter 
(e.g., Ilford spectrum red or orange). 
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CALCULATION 


Total *' acid* _ Reading of standard 

soluble’; phosphate* Reading of test ' 


X C X0*0l X - 


• mg. I* Jicr 100 ml. 


Where C is the number of ml. of the standard solution and x 
is the number of nil. of p/asina, whole blood or cells repre- 
sented in the trichloroacetic acid filtrate used in the test. 

Inorganic Phosphate. Five ml. of the clear filtrate (s 1 ml. 
of plasma or blood) are transferred to a 15 ml. volumetric 
flask. In another 15 ml. flask arc placed 5 ml, of the standard 
phosphate solution (s 0-05 mg. P). Water is added to 
each flask, followed by 1 ml. of perchloric acid, X ml. of 
5 per cent, molybdate, 0*5 ml. of the reducing agent and 
water to the 15 ml, mark. The contents of the flasks are 
gently shaken betu-een each addition, and finally mixed by 
inverting and shaking. The colours are read after 10 minutes. 


CALCULATION 

Inorganic phosphate f a= j X 0*05 x ^ 

^ ^ ^ ‘ Reading of test 1 

t mg. P per lOO ml. 

Ester phosphate = total acid-soluble ” phosphate minus in- 
organic phosphate. 

Llpide Phosphate. Lipidc phosphate is often determined 
in connection with investigations of fat metabolism. In- 
creases have been noted in diabetes and nephritis, where the 
Upide phosphate is related to the degree of hpemia, and in 
pregnancy and certain hepatic conditions. 

JIETHOD 

One ml. of plasma or whole blood is added drop-wise, with 
shaking, to 15 ml. of a mixture of 90 parts absolute alcohol 
and 10 parts ether in a 25 ml. volumetric flask. The mixture 



PHOSPHATE 


55 


is heated in a hot water bath until it is boiling. It is then 
cooled, made to volume with alcoKol-cther and is thoroughly 
shaken. The mixture is filtered, and 10 ml. of filtrate are 
carefully evaporated to dryness (in two 5 ml. portions to 
minimize the ehance of loss through frothing) in a 15 ml. 
fiask. The phosphate is estimated by digestion \vith 
perchloric acid, as in the method for total acid-soluble 
phosphate. 

Total Phosphate in Blood. The whole of the phosphate 
'5f-the^ blood can be determined by the colorimetric method 
after desffuction of the organic matter (proteins, fats, etc.) 
by boiling perchloric acid. For this purpose 0 T ml. of blood, 
accurately measured, is digested and the determination 
carried out as in the total acid-soluble phosphate method. 

SOLUTIONS 

Trichloroacetic Add SohiUon. — Twenty-five g. of best grade 
trichloroacetic acid are dissolved in water and made to 
100 ml. 

Ammonium Molybdate Solutioru — Five g. ammonium molyb- 
date dissolved in water and made to 100 ml. 

Seducing Agent. 0-2 per cent. 1 ; 2 : 4-aminonaphthol- 
sulphonic acid in 12 per cent, sodium meta-bisulphite and 
2 • 4 per cent, sodium sulphite (w/v). 

The rc»Ivicing agent may be prepared fresh for use from a tablet containing 
Kic correct nmonnts of 1 : 2 : 4*amtnonaphthol3u)phonlc acid, Bodium sulphite 
and sodium mcta.hisulphitc. A Inhlct is ground with 10 ml. of water, and 
the filtercil solution Is ready for use. (Obtainable from Messrs. CallenWamp.) 

Stock Standard Phosphate . — A stock solution is made by 
dissolving 2 •104 g. of pure potassium dihydrogen phosphate 
(KHjPO*) m 500 ml. in water. This solution contains 
1 ‘0 mg. P per ml. 

The ^tanrfarrf Solution is made by diluting 5 ml. of the 
slock solution to 500 ml. with tvater. This solution contains 
0*01 mg. P per ml. Both solutions should be kept saturated 
V ith chloroform to prevent any bacterial gron th, wliich might 
otherwise cause a loss of inorgame phosphate. 
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PHOSPHATASE IN SEBUM OR PLASMA 

Pfiosplmtasc is the name given to an enzyme shown to be 
present in bone and ossifying cnrtilnge Ijy Robison ( 1925 ), 
He has flcnionstnitcd that this enzyme is intimately related 
with the process of bone formation. The blood plasma of 
iionnnl individuals contains smaii amounts of pliosphatase 
corresponding to about 5 to 10 “ units ’’—the arbitrary 
term in wliich the amount of the enzyme is expressed. In 
conditions of generalized bone disease the phosphatase 
appears to leak out of the bone into the blood, and appears 
there in large amounts. ILs quantitative determination in 
the scnim or plasma is of diagnostic value in eases of rickets, 
Paget’s disease, osteitis fibrosa cystica (Kay, 1931) and in 
many eases of malignant bone disease (Franscen, Simmons 
and McLean, 1939). A markeil accumulation of the enzyme 
in the semm has also been shown to take place in obstructive 
jaundice (Roberts, 1033, Armstrong, King and Harris, IPS'*). 
In conditions of toxic and infective jaundice the rise is not 
so marked, and in Imcmolylic jaundice the enzyme is present 
in normal amount. The range of values encountered clinb 
Cfllly in the different types of jaundice is fully discussed by 
Herbert (1035), Normal persons have 10 or less units per 
100 ml. Coses of haemolytic jaundice show values which 
arc not above the normal. In infective and toxic jaundice, 
and in obstructive jaundice where the obstruction is only 
partial or intermittent, the values are raised above normal 
and are usually between 10 and 30 units. In obstructive 
jaundice ^vhere the obstruction is complete or of Jong standing, 
the phosphatase is greatly increased, values above 80 and 
sometimes as high ns 200 being encountered. In generalized 
bone disease the values arc very similar to those found in 
obstructive jaundice. 


PRINCIPLE 

The estimation of phosphatase depends upon measuring 
the amount of hydrolysis which takes place when the enzyme 
is allowed to act on a suitable substrate an ester of phos- 
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photic acid {such as phenyl phosphate) — under standard 
conditions. The amount of phosphate or phenol so liberated 
may be taken as the measure of the amount of enzyme present. 
The phenol is mote easily determined than the phosphate, 
and three times as much phenol (by wt.) as phosphorus is set 
free. The hydrolysis is carried out at the optimum pH of 
10 for 15 minutes. The results thus obtained agree very 
closely with those of the method of King and Armstrong 
(1934) of which this is a modification,* and with the method 
of Jenner and Kay (1932). The results are expressed in 
arbitrary “ units ” of phosphatase activity. 

The “ unit ” of phosphatase is defined as the amount of 
the enzyme which will set free 1 mg. of phenol in the given 
time under the conditions of the test ; and hence “ units ” 
per 100 ml. =» mg. of phenol set free from the phenyl phos- 
phate under the standard conditions. 

JIETHOD 

Test. In a conical centrifuge tube are placed 2 ml. of 
buffer and 2 ml. of substrate. The tube is allowed to remain 
in a water-bath at 87^ C. for 3 minutes. Without removal of 
the tube from the bath, exactly 0*2 ml. of plasma (which 
must be cell-free) is added and mixed. The stoppered tube 
is allowed to remain in the bath exactly 15 minutes. At 
the end of this time l *8 ml. of dilute Folin-Ciocalteau phenol 
reagent are added and the mixture centrifuged or filtered. 

Control. In another tube arc placed 2 ml. of buffer and 
2 ml. of substrate. 1’8 ml. of dilute phenol reagent are 
added, followed by 0*2 ml. of plasma and the mixture centri- 
fuged or filtered. 

Four ml. of filtrate from the test and control solutions are 
pipetted into test-tubes. One ml. of 25 per cent, sodium 
carbonate is added and the tubes replaced in the water-bath 
for 5 minutes to bring up the colour. 

Comparison. The solutions are compared in the colori- 
meter with a standard made up at the same time by taking 
4 ml. of stnndard-phenol'solution-and-rcagcnt and 1 ml. of 
2.’> per cent, swlium carbonate. Tlic test solution is placed 

• Tlic IVwlim^ky unit h nl>oHt oti«* thin! Uip KinR-ArmUronp «init. 
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on the left-hand side of the colorimeter and set at 80 mm. 
The standard is placed on the right-hand side and the colours 
matched. The use of an orange or red filter will be found 
to increase the ease of colorimetric comparison, particularly 
with weak solutions. 


CALCULATION 


The phosphatase activity of a plasma is expressed as units 
per 100 ml. and is numerically equal to the mg. of phenol 
which would be set free from the phenyl phosphate under the 
standard conditions by 100 ml. of plasma. Thus : 

Units of phosphatase per 100 ml. = 

mg. phenol per 100 ml.) . (mg. phenol per 100 ml. 
plasma in test ) ^ [ plasma in control. 

The number of mg. phenol in 100 ml. of plasma in the test 
and in the control is found by the equation : 

Reading of standitrd ^ ^ X ? X ^ 

Reading of test 4 0*2 

With the unknown solution set at 80 mm. and the strength 
of standard = O-O-l mg. this equation can be witten : 


Re ading of standard 
30 


^ 0-2 


All figures in the above equation cancel out, making it 
equal to “ Reading of standard.” 

Jlore simply then : 


Units of phosphatase per 100 ml. 
Reading of standard) 
against the test ) 


; Reading of standard 
against the control. 


Buffet 
4NaHC(‘ 
sodium 
to 1 litre. 


SOLUTIONS 


t — ta. (eNajCOa : 
• and 3*36 g. 
er and made 
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Substrale. — ji/lOO disodium phenyl phosphate. 2-18 g. 
dissolved in 1 litre in water. The solution should be brought 
quickly to the boil to destroy any organisms, cooled im- 
mediately and preserved with a little chloroform. 

Phenol lieagent of FoUn and Ciocalleau . — See p. 64 ; also 
Peters and Van Slyke’s “ Quantitative Clinical Chemistry,” 
vol. ii, p. 655, and Beaumont and Dodd’s “ Recent Advances 
in Medicine,” 8th ed., p. 403. This reagent is diluted 1 in 3. 

Twenty-jive per cent. Sodium Carbonate (w/v). — Twenty -five 
g. of anhydrous sodium carbonate are dissolved m warm water 
and made to 100 ml. This solution is preserved in a warm 
place, otherwise the sodium carbonate tends to crystallize 
out. 

Stock Standard Phenol (100 mg. per 100 ml.) — One g. pure 
crystalline phenol is dissolved in, and made to 1 litre with 
0-1 n-HCI 

Siandard'Phenol-and-Reagent (1 mg. phenol per 100 ml.). — 
Five ml. of the stock standard phenol (100 mg. per 100 ml.) are 
accurately measured into a 500 ml. volumetric fiask, 100 ml. 
of dilute (1 : 3) Folin-Ciocalteau reagent are added and water 
to the mark. This solution will keep at least six months, 
if preserved in the ice*chest. 

ACID PHOSPHATASE 

The prostate contains a very active phosphatase which, 
unlike the phosphatase of bone, intestine, kidney, etc., has 
its pH optimum at an acid reaction. To distinguish it from 
the better known ‘‘ alkaline phosphatase,” this enzyme is 
called ” acid phosphatase.” There is very little present 
normally in the blood, but in prostatic conditions, particularly 
in carcinoma of the prostate with secondaries in the bone, 
very large amounts may appear in the blood. These are 
derived in part from the prostate and in part from the 
secondary growths in the bone. There are normally X-3 
arbitrary acid phosphatase units in 100 ml. of serum or 
plasma. In cases of carcinoma of the prostate with second- 
aries, values much greater than this and up to 30 units and 
more have been observed (cf., Gutman and Gutman, 1938). 
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PROCEDURES FOR PLASMA 


PRINCIPI^E 

The oi)tiniutii of acid pliospfmtiisc is between 4-5 and 
5 ; whereas that of alkaline phosphatase is between 8*4 
and 10, depending on the substrate used. Because of this 
great difference in pH optiniiim, it is possible to estimate one 
phosphatase in the presence of the other merely by allowing 
it to act on the substrate at the characteristic optimum pH. 
Thus the alkaline phosphatase in blood plasma is inactive 
at the reaction where acid piiosphatasc works best ; and 
vice versa. 

The same substrate, i.c., phenyl phosphate, is used for the 
acid phosphatase as for the alkaline, but citric acid-sodium 
citrate buffer of pH 4*0 is used instead of the alkaline sodium 
carbonate buffer. 

METHOD 


Two ml. of M/lOO dlsodium phenyl phosphate are pipetted 
into each of two test-tubes together with 2 ml. of the buffer 
solution of pH 4 • 9, The lubes are allowed to remain in a 
87” water-bath for 8 minutes to allow the contents to 
attain the temperature of the bath. After this time, 0 • 2 ml. 
of the plasma is added to one of the tubes and the enzymic 
hydrolysis allowed to proceed for exactly 1 hour. 1 • 8 ml. 
of Folin and Ciocalteau’s phenol reagent are then added fo 
each tube and 0 • 2 ml. of plasma to the control tube. The two 
tubes are shaken and centrifuged, and 4 ml. of the super- 
natant pipetted into two test tubes. After the addition of 
1 ml. of 25 per cent, sodium carbonate, the tubes are replaced 
in the water-bath for 15 minutes to allow the colours to 
develop. The solutions are read in a Duboscq or photoelectric 
colorimeter against a standard solution of phenol (i.e., 4 ml. of 
standard-phenol-and-reagent and 1 ml. of sodium carbonate) 
which has been similarly treated. The results are e.xpressed 
in terms of units which are equal to mg. of phenol liber- 
ated in 1 hour. The calculation is the same as for alkaline 


phosphatase. , , , j j r 

The colours are rather pale for normal bloods, and lor 
prostate cases where the add phosphatase is not much 
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elevated. It may be preferable in these instances to use a 
somewhat longer incubation period, e.g., 3 hours. If this is 
done the mg. phenol liberated arc of course divided by 3 to 
reduce the figure to -1 hour. 

SOLUTIONS 

See alkaline phosphatase for all solutions except the 
buffer. Citric acid-sodium citrate buffer 4 • 95 is prepared 
as follows ; - 

Dissolve 21*0 g. of crystalline citric acid in water, add 
188 ml. of N-NaOH, and make to 500 ml. The pH should be 
checked and adjusted to pH 4-9 if necessary, by dropwise 
addition of N-NaOH or n-HCI. This solution should be pre- 
served with a few drops of chloroform and kept in the ice- 
chest. 

N.B . — Acetate buffer may be used, but citrate is here 
adopted to make the method conform to Gutmans’ 1940 
procedure. 

PLASMA AMYLASE 

The determination of plasma amylase is of importance in 
the diagnosis of acute pancreatitis in which high values may 
be obtained. It has the advantage over the estimation of 
urinary diastase in that it is unnecessaiy to wait for the 
collection of a 24-hour specimen of urine. Normal values 
are given by Somogyi (1941) as 70-150 units per 100 ml. 

PRINCIPLE 

0*5 ml. of plasma is incubated at 37® with 1*5 mg. of 
starch and the time noted when the mixture no longer gives 
a blue colour with iodine solution. 

The amylase activity is expressed in terms of “ units ” 
of amylase per 100 ml. The ** unit ” is defined as the amount 
of amylase which will destroy 1*5 mg. of starch in 8 minutes.* 

• The unit is defined In this way so that the Ksulta become almost Identical 
wltli thosp of Somoftyi (lOtl) whose unit is dcRnetl in tenns of the amount 
of mhu-inR *u;;nr lil>emtc{l from starrh by filtsma under preciselv «tnte<l 
toiwlitions. 
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PROCEDURES FOR PLASMA 


METHOD 

Two ml. of starch solution are introduced into a test-tube 
which is placed in a water-bath at 37® for 2 minutes to allow 
the contents to attain the temperature of the bath. 0-5 ml. 
of plasma is added to the tube and a stop-watch started. At 
intervals of 2-3 minutes 0*2 ml. portions of the reaction 
mixture are withdrawn and added to previously prepared 
tubes containing 0*2 ml. samples of iodine solution and the 
colour observed. The time at which a blue colour is no longer 
obtained is noted and from this time the amylase activity 
is calculated. The exac^^time intervals must depend on 
experience, since by examination of the colour at each 
addition it is possible to judge when the next sample should 
be tested. 

CALCULATION 

A 1 A V . * 8 ^ 100 1600 

Amylase Activity * = - x ^ 

• Units of amylase per 100 ml. of pUsma where t is the time taken for the 
destruction of the starch. 

SOLUTIONS 

Starch. — Seventy-five mg. of starch are weighed out and 
made into a paste with a few ml. of cold water. This is 
poured into a solution of 250 mg. NaCI in 80 ml. of boiling 
water. The mixture is then cooled and made to 100 ml. 
Two ml. of this solution contain 1 -5 mg. of starch. 

Iodine . — Approximately n/ 20, made by fresh dilution of 

yjio. 

PLASMA ASCORBIC ACID 

The amount of ascorbic acid present in the blood plasma of 
apparently healthy individuals ranges from about 0-4 mg. 
to 2 mg. per 100 ml. The amount varies greatly mth the 
nutritional habits of the individual. People consuming large 
quantities of citms fruits, e.g., in California, have more 
ascorbic acid in their blood than those on a more usual type» 
of A large group of people in England, who appeared 



Asconmc acid 


03 


lieaUliy mu\ s.lu)%vc<\ no cl'micnl signs of scurvy, hod vuiues 
ranging from 0*3 to 1 *3 mg. with an average of O-Co. Only 
3 per cent, of the caseh, were below 0--t ing. (Young, Wood 
and King, 1943). Prunty and Vass (1943) considered the 
plasma ascorbic acid a reliable and satisfactory index of the 
nutritional state with respect to Vitamin C. The determina- 
tion is more easily carried out than a saturation test (cf., 
urine ascorbic acid). A “ state of saturation ” is usually 
attained when the plasma ascorbic acid is 0 -8 mg. per 100 ml. 
(>r greater. 

PRINCIPLE 

The oxidation-reduction dye dichlorophcnol-indophcnol is 
used to titrate a standard solution of pure ascorbic acid, 
which is prepared so as to be of about the same concentration 
ns that of a deproteinized iiltrale of blood plasma. The 
volumes of standard solution and of plasma filtrate used to 
decolorize a standard amount of the dye arc then used to 
calculate tlie ascorbic acid concentration of the plasma. 

METHOD 

At least 5 ml. of oxalated blood are required. Tlic plasma 
should not be separated until just before the preparation of 
the protcin-frce fdtratc. Two ml. of plasma are diluted with 
4 ml. of uater and 4 ml. of 5 per cent, mclaphosphoric acid, 
mixed and centrifuged. The clear supernatant fluid is then 
run (from a 5 ml. burette) into 0*05 ml. of dye until all trace 
of pink colour disappears. Tlio titration should be made 
quickly so as to minimize the small amount of reduction of 
the dichlorophcnol-indophcnol whicli may take place due to 
traces of non-ascorhic acid rciiucing substances in the plasma 
tiUrale. Any froth which wight make the tilruliou dilVicull 
can be ckarctl liy touching with fine uire which 1ms been 
dippcil in enpryhe alcohol. 

To 3 ml. of the dihitc stnndanl sohituin arc added 4 ml. of 
water and I ml. of f* per cent, mctapliosphoric acid. This is 
titrated against 0'05 ml. of the dye solution, conveniently 
ctmtninctl in n conical centrifuge twlic. The ascorbic acid 
solution is run into the dye from n 5 ml. Imrettc until all trace 
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of pink colour has disappeared. The titration gives the 
ascorbic acid equivalent of 0 -05 ml. of dye. 


CALC(;LATIO>r 


Ascorbic acid * 


^ ritration of standard 
~ nitration of plasma filtrate ^ 
• mg. pet 100 ml. plasms. 


SOLUTIONS 

Preparation of One hundred mg. of the dye (dichloio- 
phenol-indophenol) are extracted twice with 25 ml. portions 
of boiling water, and each extract poured through a filter 
into a SO ml. volumetric flask. The solution is cooled and 
diluted to the mark. This stock solution will keep obout 
2 weeks. For daily use, 5 ml. are diluted to 100 ml. with 
water which has been freshly boiled and cooled. 

Preparation of Standard Jscorbic Acid Solution. — Sixty mg. 
of ascorbic acid are weighed and dissolved in 100 ml. of 5 per 
cent, acetic acid. One ml. of this solution is diluted to SO ml. 
with 6 per cent, acetic acid. This dilute standard solution 
contains 1 -2 mg. ascorbic acid in 100 ml. 

Polin and Clocalieau’s Phenol Reagent. — This is made 
by dissolving 100 g. of sodium tungstate, Na 2 \V 04 . 2 H 20 , 
and 25 g. of sodium molybdate, Na2Mo0^.2Hf), in 700 ml. 
of water, contained in a 1500 ml. flask, adding 50 ml. of 
phosphoric acid (s.g. 1*75) and 100 mb of concentrated 
hydrochloric acid, The flask is connected to a refluxing 
condenser by means of a ground-glass joint or by using a 
rubber stopper wapped in tin foibt the mixture boiled 
for 10 hours ; then 150 g. of lithium sulphate, 50 ml. of 
■water and a few drops of bromine are added. The boiling 
is continued without a condenser for IS minutes, the golden- 
yellow solution allowed to cool and diluted to 1 litre. 

I If tin foil is employed care must be token to ensure tliat the solution does 
not come into contact with the metah '* 



Chapter IV 

PROCEDURES FOR SERUM 

TAKING OF BLOOD FOR SERUM 

About 10 ml. of blood are drawn (as for plasma) and allowed 
to flow gently into a clean dry vessel. This is then kept at 
room temperature, or in w’ater at about C., until the 
serum has separated. The blood must not be chilled, as this 
causes haenaolysis as well as abnormal plasma/cell distribution 
of certain ions. The serum is poured from the clot into a 
centrifuge tube and is finally centrifuged. 


SERUM CALCIUM 

There are normally present about 10 mg. of calcium in 
100 ml. of serum from freshly clotted blood. In hyper- 
parathyroidism and conditions of generalized bone disease 
this amount may be raised by 2 or 8 mg. and occasionally 
in severe cases by 5 mg. or even more. In infantile tetany, 
or in tetany resulting from removal of part or all of the 
parathyroid glands, the scrum calcium is lowered to 7 or 
8 mg., and values as low as C mg. arc sometimes encountered. 
Those cases of nephritis where an acidosis wdth raised blood 
phosphate is present, may also show a lowered serum calcium. 


PRINCIPLE 

The calcium is precipitated from diluted scrum by oxalate, 
and the washed precipitate of calcium oxalate is titrated 
in acid solution with standard potassium permanganate. 
From the equation (sec standard solutions) it can be calculated 
that 1 ml. of 0*01 x-permanganatc is equivalent to 0*2 mg. 
of calcium. 


GO 
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METHOD 

Two ml. of clear }>eruni nrc flddcil to l? ml. of water in a 
clean 15 ml. conical centrifopc tube ami 2 ml. of .saturated 
(4 per cent.) ammonium oxalate added, with tliorough 
^ mixing of the liquids. After GO minutes the mixture is ccutri- 
fugedj iand the bupcrimlnnt fluid carefully poured off so as 
not to disturb the prccipUalc. The tube is allowed to drain 
for several minutes by standing it, toj> down, on a piece of 
filter paper, and then wjpin/j the rim clean of adhering fluid. 
The precipitate is washed by blowing ii> 3 ml. of dilute 
anvmonia (2 ml. concentrated ammonia diluted to 100 ml. 
with distilled water), .so that the n)at of caJejum o.vnintc at 
tbe bottom of the tube is thoroughly stirred up. A further 
ml. of dilute ammonia is usctl to waslj down the sides of the 
tube which is centrifuged immcilmlcly and drained ns before. 

Tlic washed prccijiilntc of calcium oxalate is dissolved In 
2 ml. of N-sulphuric acid by warming the tube to 70-80“ C. in 
a beaker of warm water. Titratioit is carried out by adding 
n/ 100 potassium permanganate drop*«lsc from an accurate 
2 ml. burette. The tube .should be kept worm by immersion 
in the hot •water during the titration. The first drop of 
permanganate to protluce a “ persistent pink colour (for 
at least 2 minutes) is taken as the end point. A “ blank 
titration should be carried out with 2 ml. of N'sulphuric acid 
(w’itli no calcium) and the amount of permanganate used in 
the blank (usually 1 drop) subtracted from the former 
titration. 

CALCULATION 

.. .. o ^00 

Calcium* = ml. 0*01 n-I'CMuOi X O'- 
= ml. 0-01 N-lvJIn0i X 10 

• rog. per 100 setuiii. 

SERUM POTASSIUM 

The serum of normal persons contains 10-20 mg. of 
potassium per 100 ml. This is a very constant value. There 
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CALCULATION 

f Ucttclihg of fttnndnril ^ ^ ^ 100 
Scrum ) llcmling of test ”* ' o^ 

potnssiiwii* ^ Itcnditig ofstancfnrcl 
I lIcmHng of test 

• m;;. ]>cr 100 ml. srnini. 

SOI.UTIONS 

Sof/iion Cobnlli‘I\'itri{r Itca{icnt (Krnmer nnil TisdoJl, 1921). 
—Solution A : 25 g. of coboltoiis nitmte cryslnls nre dissolved 
in 50 ml. of wnlcr, tuul to this solution nre luldcd 12'5 ml. of 
glaciftl ncctic ncid. Solution B: 120 g. of sodium nitrite 
(potassium free) arc dissolvcil in 180 ml. of water, giving a 
total s'olumc of about 220 ml. To the whole of A is nihlcd 
210 ml. of B. Nitric oxide is evolved. Air is drasvn through 
the solution till all the gas has passed oil. Tlic reagent thus 
prepared is best kept in the icc-chcst and should be filtered 
each time before use ; it keeps for a montli. 

Standard rotassUnn iVo/«/ioN.— 0*2228 g. of jiolassium sul* 
phate (1^^504) is dissolved in 500 ml. of water, giving a 
solution equivalent to 0*2 mg. K per ml. (s 20 mg. 
potassium per 100 ml.). 

Standard Cobalt Solnthn ( = 0*1 mg. potassium per ml.). — 
0 • 500 g. of cobalt ammonium sulphate Is dissolved in a litre of 
Mater. Any cobalt salt may be used but this is the easiest 
to M'cigh. The .solution should be standardized by the above 
method against the standard potassium solution. 

Cholmc Chloride . — 1 g. per 100 ml. 

Sodium Ferrocyanidc . — 2 g. per 100 ml. 

Because there arc only 16-20 ing. potassium per 100 ml. 
of serum, and blood corpuscles contain about 800 wg. per 
100 ml. there must obviously be no haemolysis. Also, the 
serum must be separated from the clot soon after the blood 
is taken ; otherM’ise potassium sviU diffuse out into the serum. 
Separation of serum 1-2 hours after taking the blood is 
.sufficient. 



CiiAi*TEie V 

PROCEDURES FOR CERERRO-SPINAL FLUID 

The chemical delcrmination^ most frequently of vnluc in 
the examination of eercbro*spinal fliml are those of protein, 
chlorides, sugar, calcmm anti urea. X>ange's colloidal gold 
reaction is also of impoctauce. 

Globulin tests in normal fluid are negative. Total protein 
may be increased in many pathological conditions. Chlorides 
are lowered chatactcnstically in meningitis, especially tuber- 
cular meningitis. Sugar is also lowered in meningitis. 
Calcium may be lowered in tetany, while the urea value 
closely parallels the level of blood urea. 


Table C. — Composition of C.S.F. 


tOfliUdi'Rt 

.Voniut renKr 
(ppflOOtnl) 

CnDlcalrondJlIofts to wUch hlgU value# 
Ouiltw aUitcd} an fovDiS 

Urea . 

13-.10 ing. 

IiicreascO in iiitrogeit rutenUon. 

Crentiiiinc 

0 7-l -5tng. 

„ „ „ „ 

Sugar . 

CO-IOOnig. 

JJiubetes. Reduecil iti acute sup. 
punitive meningiUSv 

CSilorides (us KaCI) 

^OO-llO mg. 

Ncjiliritis. I>ccrc.\setl m inemngltjs, 
particMJarJy tuberculous mcnisgltis. 

Ptoteuw (total) 

20-40 mg. 

MemngstW, Syi>h\blle conditions. 
Ffoln's Sjutlromc. 


reactions 


( Apelt 

negative. 


CO,-coml»ningpQwe 

65-OS in ). 



PRINCIPLES OF METHODS 

Total protein is determined by tlie sulphosalicylic acid 
method, with the use of permanent standards. The reactions 
of NonnC'Apelt and Pandy are used to test for globulin. 
Xonne-Apeit’s test depends on the precipitation of globulin by 
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half-saturation with ammonium sulphate. Pandy’s reagent 
is a saturated aqueous solution of phenol. 

For chlorides, Mohr’s method is employed. This depends 
on the titration of the fluid with silver nitrate, until all the 
chloride is precipitated as silver chloride. The flrst excess 
of silver nitrate gives, with potassium chromate added as 
indicator, a reddish'bro\vn precipitate of silver chromate. 

Urea, creatinine, sugar, COj-combining power and calcium 
are estimated exactly as in the case of blood. 


METHODS 

Total Protein. 1 ml. of fluid in a test-tube is treated with 
3 ml. of aqueous sulphosalieylic acid (8 g. per lOO mb). After 
3 minutes the turbidity is compared against the permanent 
standards (p. 151) used for albumin in urine. For values above 
DO mg. per 100 ml., the fluid must be suitably diluted before 
treatment. 

Globulin 

(1) Nonnc'Ap^lfs Test. One ml. of saturated ammonium 
sulphate in a small tube is carefully layered with about 1 ml. 
of cerebro-spmal fluid. A white ring at the junction of the 
liquids indicates globulin. 

(2) Bandy’s Test. About 0*5 ml. of fluid is treated with 
1 drop of Tandy’s reagent (about 7 g. of phenol per 100 ml. 
of distilled water). A turbidity or precipitate indicates 
globulin. 

Chlorides. One ml. of cerebro-spmal fluid is treated with 
5 ml. of ivater and 2 drops of potassium chromate solution 
(10 g. per 100 mb). The mixture is titrated with m/58'5 
silver nitrate solution (containing 2-DOO g. of silver nitrate 
crystals in 1 litre of solution in distilled water), until a per- 
manent reddish-brown colour is produced. 

Note. — ^T he silver nitrate solution should be kept m the 
dark in a brown bottle and should be frequently cbeclceci 
against a standard sodium chloride solution (500 mg. per 
100 ml.}. 
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CALCULATION 


1 ml. of ^ silver nitrate = 1 mg. of sodium chloride. 


Hence, 

C.S.F. chloride * = ml. of silver nitrate used X 100. 

* mg. NjCI per 100 ml. 


The adsorption indicator method (p. 46) may also be used 
for C.S.F. chloride. 


LAUGE’S COLLOIDAL GOLD REACTION 
PRINCIPLE 

This reaction depends on the fact that although normal 
cerebrO'Spinal fluid has no action on a particular colloidal 
gold solution, fluid from cases of syphilis, disseminated 
sclerosis, or meningitis may cause various degrees of pre- 
cipitation of the gold at different dilutions of the C.S.F., 
which are fairly characteristic for each disease. 

Typical responses are — 

Luetic . . .0134321000' 

Paretic . . .5554821000 

Meningitic . .0011282210 

These figures serve to indicate the degrees of precipitation 
in tubes 1-10 in that order (sec below). 

A meningitic type of curve is found in all forms of coccal 
meningitis and tuberculous meningitis. A paretic type of 
curve is found in G.P_J . . in tabe s, in disseminated sclerosis 
and rarely in encephalitis Icthargica. When a paretic curve 
occurs in association with a positive W.R. and is unaffected 
by nntispecific treatment it is symptomatic of G.P.I. rather 
than tabes : when it occurs with a negative W.R. it is strongly 
suggestive of disseminated sclerosis. A luetic type of curve 
occurs in all forms of cerebral syphilis. It may also be found 
in disseminated sclerosis and is more common m encephalitis 
Icthargica than the paretic type. 
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METHOD 

Ten small perfectly clean test-tubes {1-0 x 7-5 cm.) are 
employed. In the first tube is placed 0-0 ml. of sodium 
chloride solution (O'-l g. per 100 ml. in re-distillecl crater); 
and 0-5 ml. of the chloride solution is placed in each of the 
other nine tubes. To the first tube is added 0*1 ml. of the 
cerebro-spinal fluid. 0*5 ml. of the mixed contents of this 
tube are placed in tube 2 ; 0*5 ml. of this mixture from 2 is 
transferred to tube 3, and so on, until tube 10 is reached ; 
from this 0 • 5 ml. is discarded. The dilutions of fluid 
are then 1 ; 10 j 1 : 20 ; 1 : 40 j . . . 3 : 5120. 2-5 ml. of 
colloidal gold (sec below) are added to each tube, and the 
stoppered tubes left for 16-24 hours. At the end of this time 
precipitation is gauged as follows : — 

Complete precipitation (clear supernatant fluid) is called 5 
Partial precipitation (slightly cloudy, light blue 

supernatant fluid) 

Deep blue colour f, 3 

Lilac to purple colour „ 2 

Lilac colour 1 

Unchanged red colour . . . . . » 0 

SOLUTION 

('oUoidal Gold Solution. («) Oxalate Method . — About 50 ml. 
of re-distilkd wafer are heated rapidly to boiling in a hard 
glass flask. This water is discarded, end the flask is washed 
out with fresh cold re-distilled irater. One hundred ml. 
of the water and 1 ml. of the potassium oxalate solution 
are then heated in the flask almost to boiling-point. The 
gold chloride solution is then add«l drop by drop from 
a 1 ml. pipette to the continuously agitated contents of 
the flask until the mixture assumes a bright red colour, when 
it Ls removed from the flame. The rest of the 1 ml. of gold 
solution is then added more rapidly. Tlie colloidal gold so 
farmed should be bright cherrj'-*red In colour and should 
show practically no cloudiness or fl\iorescence. It will keep 
for fl considerable period. 
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This preparation requires considerable practice. It is 
essential that all glassware used be perfectly clean, and that 
for all solutions, water twice distilled from glass should be 
used. A chromic acid mixture (20 g. of potassium di- 
chromate dissolved in a minimum amount of water and the 
volume made to 1 litre with concentrated sulphuric acid) 
may be used for cleaning glass apparatus, which should be 
stored in the mixture when not in use. 

The solutions required are potassium oxalate (1 g. 
per 100 ml.) and gold sodium chloride (1 g. of the salt 
NaAuCh.SHjO per 100 ml. of water). 

(6) Citrate Method , — In a litre flask are placed 675 ml. 
water twice distilled from glass. The flask is closed with a 
ground-in reflux condenser and brought to the boil. Seven 
ml. of 1 per cent, gold chloride solution are added, followed 
by 17*5 ml. of 1 per cent, trisodium citrate solution. The 
boiling is continued for 15 min. The flame is removed and 
the mixture allowed to cool. The resulting solution is a clear 
sparkling red colour. 

To standardize this solution, four 50 ml. samples are taken 
and 0*15 ml. of n/ 10 hydrochloric acid, 0*175 ml., 0*2 ml., 
and 0*225 ml, arc added. These are put up against a known 
paretic C.S.F. The mixture is selected which gives the 
strongest reaction with a paretic fluid, yet does not give a 
reaction greater than 01 10000000 with a normal fluid. The 
corresponding quantity of acid is added to the main bulk of 
solution, thoroughly agitating the mixture during the 
addition. 

If a paretic C.S.F. is not available, a solution of 0*8 per 
cent, irajhcd hacmclyzed sheep celk, used fn the test like a 
C.S.F., will give a paretic curve. 



Chapteh VI 

PROCEDURES FOR FAECES 

BLOOD IN FAECES 

The recognition of small amounts of blood in faeces 
(“ occult blood ”) indicates the presence of a haemorrhage 
somewhere in the intestinal tract. Bleeding from the mouth 
and throat, and contamination of the faeces by menstrual or 
haemorrhoidal bloods should, of course, be ruled out. (In 
the latter case the undecomposed blood may be detected 
macroscopically — usually as superficial patches on the 
stool). 

“ Occult blood ” occurs fairly frequently in gastrointestinal 
cancer and in gastric and duodenal ulcer. Its detection is 
therefore of considerable value as an aid to diagnosis. Re- 
pented tests are advisable as bleeding may be intermittent 
and a single negative result is not necessarily significant. A 
single positive test, or a series of positive tests, on a properly 
controlled patient, will usually be found to be significant of 
the presence of some type of ulcer. 

Certain of the degradation products of haemoglobin formed 
during the digestion of meat will give a positive test if they 
are present in the faeces. Chlorophyll has been alleged to do 
likewise. It is consequently essential to maintain the patient 
on a meat -free and green vegetable-free diet for at least 
three days before making the examination. 


PRINCIPLE 

The chemical tests for blood depend on the fact that the 
active grouping involving iron in haemoglobin transfers 
oxygen from hydrogen peroxide to certain oxidizable sub- 
stances (benzidine, orthotolidin, ^im guaiacum’and pyrami- 
done are the most common) to give coloured substances. 
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Benzidine Reaction 

(o) A thin faecal suspension is made by shaking a small 
amount of faeces (about as big as a pea) ^Yith 5 ml. of water 
in a test-tube. The mixture is boiled to inactivate enzymes. 
(These, as well as blood, may give positive results, but unlike 
the active grouping of haemoglobin, they are destroyed by 
heat.) The extract is cooled ; about 1 ml. of it, in another 
test-tube, is treated with 2 ml. of benzidine solution and 1 ml. 
of hydrogen peroxide solution. If the test is positive a blue 
colour develops at once. 

(6) A little faeces is smeared on a glass slide, which is then 
placed on a boiling water-bath for 5 minutes. A mixture of 
benzidine and hydrogen peroxide solution (2 : 1) is dropped 
on the smear. A blue colour is indicative of a positive test. 

Gum Gualacum Reaction 

One ml. of a boiled and cooled suspension of faeces, made 
as above, is mixed in a test-tube with 1 ml. of an alcoholic 
solution of guaiacum resin. 1 ml. of hydrogen peroxide is 
then added and the tube is well shaken, wth further additions 
of alcohol to dissolve the precipitated resin. A blue colour 
indicates a positive test. This test may be modified, as 
above, for use with slides : in this case a clear mixture 
(approximately 2 : 1) of alcoholic resin and hydrogen peroxide 
is dropped on the dried faecal smear. 


SOLUITONS 

Benzidine Solution. — Approximately 3 g. per 100 ml. made 
by shaking 3 g. of benzidine in cold glacial acetic acid (100 ml.) 
until solution is complete. 

Hydrogen Peroxide Solution. — 10 vols. (3 per cent.). 

Gum Guaiacum in Alcohol ("Tincture of Guaiac ”). 

Approximately 1 g. of resin is dissolved in 100 ml. of industrial 
spirit. The solution must be freshly prepared ; it will keep 
for about a month. 
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PliOCEDURES FOR FAECES 


fat in faeces 

Normal faeces contam about 20-25 per cent, of mixed fats 
(dry weight). These consist of a small amount of neutral fat, 
1-2 per cent, j free fatty acids, 9-13 per cent ; and fatty 
acids present as soap (e.g., sodium salt of fatty acid), 10-15 
per cent. 

In clinical conditions in which there is cither deficiency of 
digestion or of absorption, the amount of total fat may be 
markedly increased. Thus in pancreatic insufficiency the 
total fat may constitute 60-80 per cent, of the dry weight of 
the faeces. Most of the increase is in the neutral fat and 
may be due to insufficient pancreatic secretion. There is also 
an increase of fat in cases of deficient bile secretion such as 
obstructive jaundice. The increase here is mainly due to 
fatty acid. The hydrolysis of the fats is normal, but they 
are improperly absorbed, apparently due to a lack of sufficient 
bile to bring about proper emulsification. 

PRINCIPLE 

The fats are extracted from the dried faeces by means of 
an anhydrous solvent (ether) and the weight of the material 
extracted is ascertained by weighing the residue obtained 
^Yhen the extract is evaporated to dryness. The neutral fat 
and the free fatty acid of the faeces are soluble in ether and 
can be extracted directly from the faeces, but it is first 
necessary to release the fatty acids combined as soap by 
treatment wth hydrochloric acid, before they can be ex- 
tracted. Free fatty acid is determined by alkali titration. 

METHOD 

Tlie faeces are prepared for analysis by drying the sample 
in a porcelain dish on a hot water bath, and then transferring 
to a vacuum desiccator over calcium chloride. The dry speci- 
men is carefully powdered and thoroughly mixed in a mortar. 

A. Total Fat. The faeces are treated with hydrochloric 
acid to liberate fatty acid present as soap and the whole of 
the fats extracted with ether. 0-5 g. of the faeces is trans- 
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ferred to a 100 ml. glass stoppered cylinder. 10 ml. of water 
and 3 ml. cone, hj'drochloric acid are added. The cylinder 
is placed in a hot water bath for 10 minutes.* After cooling 
to room temperature 50 ml. of ether are added and the con- 
tents thoroughly mixed by inverting the tube 60-80 times. 
By this means all the fat of the faeces should pass into the 
ether. The cylinder is left stoppered in a vertical position 
until the ether layer is completely separated. Twenty-five ml. 
of the ether extract are now removed and are placed in a 
weighed evaporating basin. The ether is removed by 
warming the dish on a water-bath or a hot plate and then 
placing in a vacuum desiccator containing a few lumps of 
paraffin wax in a beaker. The increase in weight in the dish 
represents the fat content of half the total ether extract and 
hence of 0*25 g. of dried faeces. The result is expressed as 
g, total fat per 100 g. dried faeces. 

B. Keutral Fat plus Free Fatty Acids (unsoaped fat). An 
ether extraction of the faeces which have not been treated 
with liydrochloric acid will dissolve out the neutral fat and 
the free fatty acid without removing any of the fat present 
as soap. 0*5 g. of dried faeces is transferred to another 
100 ml. glass-stoppcrcd cylinder and 10 ml. of water are 
added without the hydrochloric acid used in the case of total 
fat. After warming for 10 minutes as in “ A ” the cylinder 
is cooled and 50 ml. of ether added. The ether soluble fat 
is extracted as before by thorough mixing of the contents 
of the tube. Twenty-five ml. of the extract are removed 
to a weighed dish and from the w’eight of the residue the g. 
of neutral fat plus free fatty acid in 0-25 g. of dried faeces is 
obtained. 

C, Free Fatty Acid, TIic free fatty acids in the residue 
from (B) arc determined by titration with n/ 10 sodium 
hydroxide in alcohol. The residue is dissolved in 10-20 ml. 
of absolute alcohol and a few drops of phcnolphthalein added. 
The alcoholic sodium hydroxide is run in from a burette until 
the pro<luction of the first permanent pink colour. The 

• Core nimt l«e token to wniro ttie cyUmJer ern'lually, otlicmisc It will 
truck. 
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result is calculated on the arbitrary assumption that all the 
free fatty acid present is stearic acid (molecular 'weight 284'). 

1 ml. n/ 10 sodium hydroxide s 0*0284 g. free stearic acid. 

D. Fatty Acid present as Soap. By subtracting the weight 
of the residue of the ether extract of neutral fat and fatty 
acids from that of the extract of total fat the weight of the 
fatty acid present as soap may be obtained ; i.e., D = A -- B. 

E. Neutral Fat. By subtracting the amount of free fatty 
acid (obtained by titration) from the weight of (B) {the 
neutral fat plus free fatty acid) the amount of neutral fat 
can be obtained, i.e., E = B — C. 

SOLUTION 

n/10 Sodium Hydroxide in Alcohol . — 10 ml. of N*sodium 
hydroxide are diluted to 100 ml. \rith absolute alcohol. 
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URINE 


PROCEDURES FOR URINE 

SUGAR 

The most satisfactory solution for use in the clinical detec- 
tion of sugar in urine is that devised by Benedict. It will 
keep indefinitely and is not affected by uric acid or creatinine 
which reduce some of the other reagents. 

Benedict’s Test. To 5 ml. of the reagent in a test-tube are 
added 8 drops of the urine to be tested. The mixture is 
boiled vigorously for 2 minutes in a bare flame, or 5 minutes 
in a boiling water-bath. In the absence of glucose the solu- 
tion will remain perfectly clear or at most show only a faint 
turbidity of flocculent precipitate of phosphate. If clear 
print, in a good light, cannot be seen through the turbidity, 
the test may be considered positive. As the amount of sugar 
increases, the appearance of the precipitate varies from green 
to yellow and finally to orange with proportionate discharge 
of the original blue colour. (If much albumin is present in 
the urine it must be removed by precipitation with heat and 
acetic acid, followed by filtration.) The sugars, glucose, 
lactose, fructose and pentoses may be found in urine. Of 
these, glucose and lactose are the most common. 

Distinction between Glucose and Lactose. Glucose and 
lactose both reduce Benedict’s solutions. Lactose some- 
times occurs in urine of pregnancy and lactation, and it is 
important to distinguish it from glucose. The following 
tests are used : 

(a) Fermentation Test. A large test-tube is filled vnth 
urine, and a smaller tube, also filled with urine and containing 
a little yeast, is inverted in it. By closing the larger tube 
and inverting it carefully, the smaller tube is freed from air 
bubbles and sinks, in the inverted position, to the bottom of 
the large tube. In the presence of glucose fermentation 
will occur, and after a few hours tlie small tube W’ill^ contain 
bubbles of carbon dioxide, the accumulation of which may 
bring it to the surface. If lactose alone is present no gas is 
produced. 
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{&) Osazonc Test. To 5 ml. of the urine in a wide test-tube 
are added 0-2 g. of phenylhydrazine hydrochloride, 0*4 g. 
of sodium acetate crystals and 1 drop of glacial acetic acid. 
The mixture is heated for 45 minutes in a boiling water- 
bath, and is then filtered and allowed to cool slowly. Glucose 
and lactose each form characteristic yellow osazones, dis- 
tinguishable by microscopic examination. Lactosazone forms 
globules or clusters of fine crystals resembling fluffy yellow 
balls. Glucosazone gives lath-shaped crystals. 

ESTIMATION OF GLUCOSE 

In diabetes mellitus it is frequently useful to determine the 
amount of sugar excreted in the urin_^ The , dosage of 
insulin may be gauged by the daily excretion of sugar, the 
patient being under dietary control. The efficacy of the 
treatment may be most accurately determined by means of 
the estimation of the fasting blood sugar in conjunction with 
the above, but when facilities for the determination of blood 
sugar are not available it is possible to handle diabetes with 
reasonable success by the use of urine sugar estimations 
alone. 

Meyer’s Modification of Benedict’s Method 

The method affords a rapid and simple means for the 
estimation of sugar in urine. 

Five ml. of Benedict’s quantitative reagent together with 
1 to 2 g. of sodium carbonate are placed in a large test-tube. 
About 5 ml. of distilled water are added to the mixture. The 
solution is brought to the boil over a small flame. The urine 
is added drop by drop from a 1 ml. graduated pipette. 
A few seconds’ boiling is allowed between each addition of 
urine. The end point is recognized by the disappearance of 
the blue and green colour. Five ml. of Benedict’s solution 
arc completely reduced by 10 mg. of glucose, 11 -G mg. of 
galactose, or 13 *4 mg. of lactose. Fresh batches of Benedict’s 
reagent should be tested with 1 g./lOO ml. solutions of pure 
glucose and lactose (also with galactose if the reagent is to 
be Used for the galactose excretion test). 


URINE 


SOLUTIONS 

Composition of Benedict’s Reagents 

K^uuutative Reagent. Sodium citrate (178 g.) and anhydrous 
sodium carbonate (100 g.) are dissolved together in about 
COO ml. of water. The solution, filtered if necessary, is 
poured into a 1 litre volumetric flask. A solution of copper 
sulphate (17*3 g.) in 100 ml. of water is added slowly Avith 
constant shaking. The volume is then made to 1 litre. 

(luantitative Reagent. Sodium citrate (200 g.), anhydrous 
sodium carbonate (100 g.) and potassium thiocyanate (125 g.) 
are dissolved together with the aid of heat in about 600 ml. 
of water, and the solution, filtered if necessary, is poured into 
a 1 litre volumetric flask. A solution of copper sulphate 
(exactly 18*0 g. in 100 ml. of water) is then added gradually 
to the well-shaken mixture, followed by 5 ml. of a 5 per cent, 
solution of potassium ferrocyanide. The volume is made 
to 1 litre. Five ml. of this solution should be equivalent to 
10 mg. of glucose, but a freshly made solution should be 
standardized against a 1 per cent, glucose solution. 


“ ACETONE ” 

The “ acetone ” bodies in urine include acetoacetic and 
p-hydroxybutyric acids in addition to acetone. 


Rothera’s Test 

To one-third test-tube of solid ammonium sulphate are 
added not more than 5 ml. of urine and 8-10 drops ot tresfi 
sodium nitroprusside solution, or a few granules of the 
powdered solid. After the addition of 1-2 mi. of strong 
ammonia the tube is shaken well and allowed to stand. A 
permanganate colour indicates the presence of acetoacetic 
acid. If the quantity is small the colour may develop slowly. 

This test detects 1 part of acetoacetic acid in 100,000 parts 
of urine. 
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Gerhardt*s Test 

To 5 ml. of urine is added, drop by drop, a solution of 
ferric chloride (3 per cent.)* White ferric phosphate is 
precipitated. More ferric chloride is added and the solution 
is filtered. A brown or purplish colour is obtained depending 
on the amount of acetoacetic acid present. The urine tested 
must be free from salicylic acid and salicylates and the 
compounds excreted after administration of aspirin, anti- 
pyrin, etc., all of which give a very similar reaction to aceto- 
acetic acid, but never give the sodium nitroprusside reaction. 

This test detects I part of acetoacetic acid in 7,000 parts 
of urine. The colour, if due to acetoacetic, is discharged on 
heating ; if due to salicylates, it persists. 

Notes. — AVhen Rothera’s test is found positive, Gerhardt’s 
test should always be done in order that a rough estimate of 
the degree of ketosis may be made, \\nien Rothcra’s test 
is negative no acetone bodies are present and other tests 
become unnecessary. 

The nitroprussic reaction is a test for acetone, but aceto- 
acetic acid decomposes so readily into acetone that it also 
gives the test. The ferric chloride test for acetoacetic acid 
is not given by acetone. 

SPECIFIC GRAVITY OF URINE 

The urinometcr is placed in the urine in the uriuometer 
cylinder or a 50 ml. graduate. The urinometcr should float 
freely in the urine and not touch the side of the vessel. In 
reading the urinometcr the eyes should be on a level with the 
top ol the meniscus of the urine both at the front and back 
of the cylinder. On the stem of the urinometcr the number 
just visible above the surface of the urine is noted. This is 
the specific gravity to which 1000 is to be added. 

ALBUMIN 

Protein (in significant amount) in urine may be albumin 
and globulin (derived from the blond plasma) or “ Bence- 
.Tones ])rotcin.” 
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Albumin and Globulin. These proteins nre found in the 
urine (albumin greatly predominating in amount) both in 
“ normal ” and pathological conditions. “ Normal ” albu- 
minuria occurs occasionally in youthful subjects and is 
generally increased in degree after exercise and decreased 
during rest. Thus, a morning specimen of urine may show 
a negative test for albumin, whereas one taken after exercise 
may contain considerable quantities of protein. This so- 
called “ orthostatic albuminuria ” is not generally associated 
with renal or cardiac deficiency and frequently disappears in 
later life. Tlic chief pathological conditions associated with 
albumin in the urine are the renal diseases such as the various 
forms of nephritis and nephrosis. The amount of protein 
voided is variable and the protein is mainly albumin. 

“ Bence-Jones Protein ** is excreted in many cases of 
nmltiple myelomatosis and in other less well-defined condi- 
tions, Small amounts of protein excreted with blood, pus, 
or bile (without gross proteinuria) often give a positive test 
for “ protein.*’ In these cases, the amounts detected may 
be little more than the minimum detectable amount, namely 
about 10 mg. per 100 ml. of nrmc. 

Heat and Acetic Acid Test 

About 10 ml. of the urine (filtered if cloudy) are placed in 
a test-tube. The tube is warmed in a small flame at a place 
about 3 inches above the bottom. A cloud will probably form 
at this place ; if this is so, 4-5 drops of dilute (5 per cent.) 
acetic acid are added and the tube re-heated. If the cloud 
is due to phosphates it will now vanish ; if albumin is 
present the cloud remains and may increase. 

If “ Bence-Jones Protein ” is present, the cloud originally 
formed will vanish on cooling, reappear when heated to 
60-70° C., and then disappear again at boiling temperature, 
where any albumin may be removed by filtration. 

Sulphosallcylic Acid Test 

One ml. of clear urine (filtered if necessary) in a test-tube 
is mixed with 3 ml. of sulpbosalicylie acid solution (3 g. per 
100 ml.). A precipitate indicates the presence of albumm. 
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Quantitative Estimation of Albumin 
Tiie urine and sulphosalicylic acid are mixed in the propor- 
tions named above in a small tube of standard size. After 
5 minutes, the turbidity is compared with that in the set of 
gelatin permanent standards (King and Haslewood 103G ; 
see page 151), and read as mg. of albumin per 100 ml. of 
urine. If the amount is greater than 100 mg. albumin per 
100 ml. the urine is suitably diluted and a fresh estimation 
carried out. 

Note. — The above tests will detect albumin in urine in 
amounts as little as 10 mg. per 100 ml. Unlike the nitric 
acid tests they do not give “ false positive ” results. 

BLOOD 

Using boiled and cooled urine the benzidine or guaiacum 
test is carried out, as described on page 75. Urine con- 
taining blood frequently gives a positive test for albumin. 

UREA 

Estimations of the amount of urea and of ammonia in the 
urine arc valuable in a number of tests of renal function. 
The amount of urea in a single specimen may be from 0-02- 
4 '00 g. per 100 ml., while the quantity of ammonia is usually 
small. The 2t-hourly excretion is, approximately, 30 g. of 
urea and 0*8 g. of ammonia. In certain conditions the 
ammonia content of the urine may be greatly raised (e.g., 
in diabetic acidosis). 

PRINCIPLES OF 5IETH0DS 
(a) The urea is converted to ammonia with urease and the 
ammonia nitrogen estimated by Ncsslerization. 

(i») The urea is converted to nitrogen by sodium hypo- 
bromitc and the nitrogen measured mnnometrically. 
Method (a) is used for the accurate estimation of urea and 
ammonia, s>hilc mcthotl (ft) is particularly well adapted for 
use in renal function tests where a rapid and fairly accurate 
measure of the amount of urea -f- ammonia is required. 
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UREASE-NESSLER METHOD FOR UREA AND AMMONIA 
PRINCIPLE 

- The urea is converted into ammonia with urease and the 
ammonia formed is estimated colorimetrically after Nessler- 
ization. Tiie preformed ammonia is determined in another 
sample and the urine urea content calculated by subtracting 
the ammonia content from the urea + ammonia content. 


METHOD 

A. Urea and Ammonia. One ml. of urine is pipetted into 
a 50 ml. volumetric flask together %vith about 25 ml. of water. 
A “ knife'point ” of Jack Bean meal is added and the flask 
stoppered, well-shaken and incubated at 87* C. for 20 minutes. 
Two ml. of 10 per cent. z\nc sulphate and 2 ml. of n/ 2 sodium 
hydroxide are added and the volume of liquid is made to 
50 ml. The well-mixed contents are allowed to stand 
5 minutes and are then filtered. 

One ml. of the filtrate {sO-02 ml. of urine) is pipetted 
into a 60 ml. volumetric flask. Into two other 50 ml. volu- 
metric flasks are pipetted 10 ml. and 20 ml. respectively of 
standard ammonium chloride solution (0*01 mg. N per ml.)* 
Water is added to each flask to about 40 ml., and after the 
addition of 5 ml. of Nessler’s reagent more water is added to 
the 50 ml. mark. The test solution is then read in the 
colorimeter against the standard which is nearer in colour to 
it. The use of a violet light filter facilitates the comparison. 


CALCULATION 

( 1 ) Where the standard is 10 ml. of ammonium chloride, 

Tr> , • «) Reading of standard 22^ 

Urme urea + ammon.a«} = XO 1 

(2) Where the standard is 20 ml. of ammonium chloride, 
Reading of standard , 9 y 

, * Reading of test 0-02 

* mg. N per 100 ml.. 


Urine urea + ammonia* 
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To express the results as urea multiply by 2 • 14. 

B. Ammonia. One ml. of the urine is placed in a 50 ml. 
volumetric flask together mth about 25 ml. of water ; 2 ml. 
of sodium hydroxide and 2 ml. of zinc sulphate are added and, 
after diluting to the mark, the contents are filtered. Ten ml. 
of the filtrate {= 0-2 ml. of urine) are pipetted into another 
50 ml. flask, \vater is added to about 40 ml. and after the 
addition of 5 ml. of Nessler’s reagent and dilution to the 
mark, the colour is read in a colorimeter in the same way and 
using the same standards as described for urine urea -f 
ammonia. 


CALCULATION 


(1) When the standard is 10 ml. of ammonium chloride. 


Urine ammonia ♦ 


(_ Reading of standard ^ q.j ^ 

{ Reading of test 0*2 

(2) MTien the standard is 20 ml. of ammonium chloride, 


« • * i Reading of standard , a o . 100 

Urine ammonia* { 5 = — =- — s x 0*2 x — 

\ Reading of test 0 2 

• mg. N per 100 ml. 

Notes.— 'I f urea only is requirctl this is of course calculated 
by subtracting the ammonia value from urea -f ammonia 
figure. 

For the purpose of the urea clearance test the urea 
•ammonia figure is used since, as Van Slyke has pointed out, 
this result is a better index of the rate of urea excretion. 


Hypobromhe Method 

The apparatus sketched is used. The SO ml. burette A 
is clamped vertically and its top end is closed with a doubly 
bored rubber bung. Through one of the holes m this bung 
passes a sliorl glass tube closed by a piece of pressure tubing 
and n clip B. Through the other hole passes a short tube 
connected wUU pressure lulling to the small bottle C, which 
is closed by n rubber bung. Tlie other end of the burette is 
connected to the reservoir D, svhich is filled \rith water. 
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The cslinmtion is cnrnetl out ns follows : 10 lul. of so<liam 
hypobromitc solution urc pinrod in the IwUtc C. nml 2 ml. 
of \irinc in n sinnll lube Iv, wluch rests in C. C is then tightly 
stoppered, nnd jduced in n Inrpc Wnkcr of wnlcr for .“J minutes. 
The clip U is opened und the wntcr level is ndjusted to zero 
by moving 1), B is tlicn closetJ, nnd the contents of E mixed 
with the hypobromitc by tipjung. C is now well slmkcn until 
rcnction censes, when C is plnccd in the benker for n further 
a minutes. Tiie level of wnlcr in the b\>rctte is now read 
with the level of untcr in D nt llic same height. Tliis reading 
is the volume of nitrogen evolved, under the conditions, from 
2 ml. of urine. 

CALCULATION 
The theoretical rcnction is ns follows ; 

CILN.O -h :jNa01lr + SNoOIl ►N, H 3NaBr -p 

urenioog. (22-n.) NnjCO. + aHA 
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Hence, 60 g. urea s 22*4 1, of nitrogen at N.T.P. 

1 g. „ s 873 ml. „ „ „ „ 

In fact, 357 ml, of nitrogen are yielded on the average by 
1 g. of urea, and it is not necessary to correct for temperature 
and pressure. 


Hence, 


357 ml. Nj, = 1 g. Urea 


Urea in urine* 


ird.N3 

357 


X 


100 


ml. Na 
714 


= ml. N, X 0*14 


• g. per 100 ml. 

Reagent . — Sodium hypobroroite (prepared fresh, daily). 
2-5 ml. of bromine are carefully added to 25 ml. of sodium 
hydroxide (40 g. per 100 ml.). 


TOTAL NITROGEN OF URINE 

Total nitrogen of urine consists of the nitrogen-containing 
compounds : ammonium salts, urea, uric acid, creatinine and 
small amounts of other substances, some of them still un- 
identified. The total nitrogen excreted by a normal adult 
indiridual is about 14 g, per day. This amount may be 
depressed in conditions involving kidney damage. 


PRINCIPLE 

The Kjeldahl Method 

Tlie organic substances of the urine arc destroyed by 
digestion ivith concentrated sulphuric acid and nil the nitro- 
gen present is converted into ammonium sulphate. By the 
addition of excess of alkali, aninionia is liberated and is 
quantitatively distilled off into a measured amount of 
standanl acid. The amount of acid neutralized by the 
ammonia gives the measure of the amount of nitrogeji 
present in the sample of urine used. 
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METHOD 

One ml. of urine is accurately measured into one of the small 
digestion flasks of the micro-ICjeldahl outfit. Two ml. of 
concentrated sulphuric acid are added and a small amount of 
copper sulphate, potassium sulphate and selenium dioxide. 
The mixture is heated on the special digestion apparatus. 
It gradually turns black as the organic material is charred, 
then becomes light bromi, and finally a clear blue. The flask 



Fio. 4.— Pamas & Wagner’s improved micro-Kjeldahl apparatus (Pregl). 

is heated for 2 hours, cooled to room temperature and the 
contents diluted with distilled water. The solution is quanti- 
tatively transferred to the distilling apparatus (fig. 4) by 
pouring it through the small funnel attached and following by 
successive w’ashings of the flask with small amounts of dis- 
tilled water. Ten ml. of 0 • 1 N-sulphuric acid are now added 
to a 100 ml. conical flask. Two drops of methyl red indicator 
are added and the flask placed on the stand beneath the 
condenser tube of the distillation apparatus. The height of 
the flask is adjusted so that the bottom of the distillation 
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lube dips below Ibc surface of the liquid. Ten ml. of con- 
centrated alkali {40 per cent. NaOH) arc now added to the 
distillation apparatus through the small funnel. The 
ammonia which is liberated is distilled over into the standard 
acid in the conical flask by bubbling steam through the 
rmxture. A Bunsen burner is placed under the large round 
bottomed boiling flask which should be about half full of 
water. Steam is bubbled through the mixture and the 
distillation continued until the contents of the conical flask 
are about twice wjiat they originally were. The flask is now 
lowered until the end of the condenser tube no longer dips 
into the liquid. The condenser tube is irashed dow-n mth 
distilled water into the conical flask, uhich is now removed 
and its contents titrated with 0-1 N-sodium hydroxide. 
The titration figure so obtained is subtracted from the 10 ml, 
of 0 ♦ 1 N-sulphuric acid to give the ml. of standard acid v’hich 
were neutralized by the ammonia. 

CALCULATION 

ml, 0*1 N-ILSO 4 neutralized by ammonia x 1*4 

= mg. nitrogen in the 1 ml. of urine. 

It is usual to express the nitrogen content of urine in terms 
of the output per 24 hours. 

Note. — ^Determinations of the different nitrogen constitu- 
ents of urine are made according to procedures which are 
essentially the same as those used for blood. 


CREATININE AND CREATINE 

Creatine is methyl-guanidine-acclic acid. 

Creatinine is its anhydride. These substances are probably 
derived from protein. 

The excretion of creatinine in the normal individual varies 
according to the muscular weight. The amount eliminated 
each 24 hours ranges between 0*4 and 1*8 g. in the adult. 
On a creatine-free diet the output is remarkably constant and 
verj' seldom varies except in uncommon clinical conditions. 
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The excretion of crculinc in iioniial adult females is inter- 
luittent ; and in adult males creatine is very seldom present 
and only in small quantillcs. It is increased in the urine in 
any condition which raises the in the myopathies and 

in several endocrine disturbances. 


PRINCIPLE OF METHOD FOR CREATININE 
The Folin method is based upon the production of an 
orange-red colour by the interaction of creatinine ^Yith 
alkaline sodium picratc. The colours produced are compared 
in a colorimeter, and the creatinine content of the urine 
estimated by comparison with a creatinine solution of known 
strength. 

METHOD 


A volume (usually 1-8 ml.) of urine containing 0*7 to 
1*3 mg, creatinine, is measured with a pipette into n 100 ml. 
volumetric flask. Into a similar flask is pipetted 1 ml. 
(s 1 mg. of creatinine) of a standard creatinine solution. 
To each flask arc addi^ 4 ml. of X'-sodmm hydroxide and 
20 ml. of saturated picric acid. After 10 minutes each flask 
is filled to the mark with water and the contents mixed. 
The colours are compared in a Duboscq colorimeter. (For 
photoelectric comparison, a “ blank ” is used for the zero 
setting.) 

CALCULATION 


Creatinine 


reading of standard j q ^ 
reading of test v 

readi ng of standard 100 

reading of test v 


wliere v is the volume of urine used. 

• ing. per 100 ml. of Urine. 


METHOD FOR CREATINE 
Creatine is converted to creatinine by boiling in picric 
acid solution. Twenty ml. of saturated picric acid solution 
are pipetted into a flask together with a measured amount of 



URIC ACID 


03 


urine (usually equal to the volume used for the creatinine 

determination), and about 130 ml. water. The contents arc 

brought to the boil rapidly, and then allowed to boil gently 

for 1 hour. The flame is raised and the mixture boiled do^\Ti 

rapidly to bring the volume of the solution to about 25-30 ml, , 

The flask is cooled, and 4 ml. x-NaOH are added. After j 

10 minutes the contents of the flask are transferred to a . 

100 ml. volumetric flask and water is added to the mark. 

The contents arc compared in the colorimeter irith the ) 

standard coloured solution used for creatinine. | 

I 

CALCULATION j 

As for creatinine. The result is total creatinine, i.e., | 

preformed creatinine plus creatine, expressed as creatinine. | 

Thus, the amount of preformed subtracted from the total | 

creatinine gives the creatine content of urine e.vpressed as * 

creatinine. 1 

SOLUTIONS I 

N-S'odmm Hydroxide. n 

Saturated Solution of Picric Acid. i; 

Creatinine Stock" Standard. (Containing 1 mg. of il 

creatinine per ml.). — 1*602 g. of pure creatinine zinc chloride !{ 

are dissolved in x/lO hydrochloric acid solution, and the | 

volume made up with the n/10 acid to 1 litre. (This is the j 

same “ Stock ” Standard as is used in the blood method.) 1 

unic ACID I 

Urine contains about 0*4 g. of uric acid per 24-hoiirly 
specimen. This amount may be increased in cases of 
leukaemia, and decreased in gout. 

PUINCIFLE 

Urine is diluted and treated 'vith Benedict’s arsenophospho- 
tungstic acid reagent and then with a sodium cyanide-urea 
solution. The blue colour pnxluced by recUiction, at the ' 
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alkaline reaction, of the arseno*phosphotun^stic acid, is 
compared with that obtained under similar conditions from 
a standard uric acid solution. 


METHOD 

1 nil. of urine is diluted to 25 ml. in a volumetric flask. 
Ten ml. (« 0*4 ml. of urine) of this solution are placed in a 
50 ml. volumetric flask, and 10 ml. (s 0*2 m^. uric acid) of 
the uric acid urine standard in a similar flask. To each 
mixture are added 5 ml. of urea-cyanide solution, and 3 ml. 
of Benedict’s uric acid reagent. After 10 minutes, the solu- 
tions are made to the mark, mixed and compared in a colori- 
meter. 

CAIXULATION. 

I Beading of standard ^ ^ 

. .,*> Reading of test ^ ‘'^0*4 

Unc acid ® ,, , 

> Reading of standard 

I « - K TTT- X 

( Reading of lest 

• mg. per JOO ml. of unne. 

SOLUTIONS 

Benedict's Arscno-phospholungstic Acid Reagent . — 100 g. 
of sodium tungstate are dissolved in about GOO ml. of water 
in a litre round-bottomed flask. To the solution are added 
50 g. of pure arsenic peiitoxide followed by 25 ml. of syrupy 
phosphoric acid (86 per cent.) and 20 ml. of concentrated 
hydrochloric acid. This mixture is boiled for 20 minule.s, 
cooled, washed into all. volumetric flask and diluted to the 
mark. 

Stock Uric Acid Standard (Folin) (s 1*0 mg. per ml.).— 
(See Blood.) 

Uric Acid Urine Standard (0 *02 wg. per mi .}.~20 ml. of tlic 
above standard are diluted with 1 ml. of 40 per cent, formaha 
and water to I litre. 

Urea-cyanidc Solution.— 5 g. of sodium cyanide and ^ g. 
of urea are dissolved in water, and the volume made to 100 mi. 
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CHLORIDES 

The usual excretion of chloride amounts to about 10 or 
12 g. (expressed as sodium chloride) per 24 hours for normal 
individuals. The amount of this excretion may be altered 
during certain clinical conditiorw. It is most markedly 
depressed in conditions of oedema which are characterized 
by salt and water retention. 

PRINCIPLE 

The Volhard procedure for the determination of chloride 
in solution consists in tlie precipitation of the chloride with 
a measured excess of standard silver nitrate in the presence of 
nitric acid. The excess of silver nitrate over that necessary 
for complete preciprtation is measured by titration with 
standard ammonium tWocyanate. A small amount of a 
ferric salt is added as indicator, the first production of a red 
colour due to the formation of ferric thiocyanate indicating 
the point at which an excess of ammonium thiocyanate has 
been added. The ferric salt is included in the silver nitrate 
solution. 

The difference between the volume of the standard silver 
nitrate used and that of the standard ammonium thiocyanate 
represents the amount of silver precipitated by the chloride. 

METHOD 

Ten ml. of urine are added to about 25 ml. of water in a 
100 ml. volumetric flask. Twenty ml. of the standard silver 
nitrate are added and after a few mimiles the volume made 
to the 100 ml. mark. The mixture is filtered, and 50 ml. of 
the clear liquid transferred to a 250 ml. conical flask for 
titration. Standard ammonium thiocyanate is run in until 
the production of the first permanent faint reddish-pink 
colour. 

CALCULATION 

The figure rejirescnting the Ihioeynnote titration is sub- 
tracted from 10 (ml. of silver nitrate) to give the figure 
representing the silver nitrate precipitated by chloride. 
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One ml. standard silver nitrate N/5-S5 precipitates 
0*01 g. sodium chloride. 

. . . (10 — ml. thiocyanate) X 0*01 = g. sodium chloride in 
6 ml, of urine (i.e., in half the volume taken). 

It is usual to express the chloride content of urine in terms 
of the output of sodium chloride per 24 hours. 


SOLUTIONS 

Standard Silver Nitrate n/5*85.— 29*000 g. silver nitrate 
crystals are dissolved in about 400 ml. of water in a litre 
flask. Forty g. ferric ammonium sulphate (alum) are dis- 
solved in a mixture of loo ml. of water with 85 ml. of con- 
centrated nitric acid (sp. gr. 1*43). This latter solution is 
added to the former, mixed, and made t'o the. mark. This 
standard silver nitrate solution is of such a strength, i.e., 
n/5*85, that 1 ml. is the equivalent of 0*01 g. sodium chloride 
(molecular weight of NaCI = 58*5). 

Standard Ammonium Thiocyanate. — This solution Is pre* 
pared in such a manner that 1 ml. of it is equivalent to 1 ml. 
of the standard silver nitrate solution used. Thirteen g. of 
ammonium thiocyanate (NH4SCN) are dissolved in 1 litre 
of water. This gives an approximately n/5*85 solution. 
Some of it is titrated from a burette into 10 ml. of the standard 
silver nitrate solution in order to determine its exact strength. 
The remaining solution is thdh suitably diluted to make it 
exactly n/5*85. 

SODIUM 

The method of estimating sodium in blood p!/.sma is 
applied to a sample the urine from which the phosphate 
has been precipitated with calcium hydroxide. 

Ttf about 10 ml. of urine in a small flask, approximate v 
0*25 g. of dry powdered Ca(OH)8 are added. The mixture 
is W’ell shaken and is filtered clear. The filtrate should e 
protected from the air in a stoppered test-tube, to pteven 
precipitation of CaCOg from the action of COg on the excess 
Ca(OH)i. A sample of the filtrate is used for the zinc uranyl 
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acetate method for sodium in the same manner as blood 
plasma. 

POTASSHJM 

The cobaltinitritelmethod for blood serum is applied to a 
sample of th^wflne from which the ammonia, which forms 
an insoluble eobaltinitrite like potassium, has been eliminated 
by ashing and r^-sohition in dilute acid. 

ISvo ml. of urine are evaporated to dryness in a good 
quality porcelain, vitreosil or platinum crucible. The residue 
is ashed at a dull red temperature (about 400° C.) for some 
hours. Overnight is convenient if an electric muffle is avail- 
able ; othenvise the crucible may be placed inside two 
porcelain evaporating dishes, one inverted over the other, 
and heated wi^ .^Bunsen burner until all carbonaceous 
matter has disy^^red. 

The ash is dissolved in a small amount of O-l N-hydro* 
chloric acid, and the solution transferred quantitatii'ely >vith 
washings of water to a 10 ml. standard flask, made to volume 
and mLved. (If the potassium content is likely to be high, 
the solution of the ash is made to 15 or 20 ml.) 

0*5 ml. of this solution (*= 0*1 ml. of urine) is used for the 
potassium determination described for blood serum. The 
result so obtained is multiplied by 5 to allow for the dilution 
of 2 ml. of urine to 10 ml. 

BILE PIGMENT 

Urine containing bile is generally ycUowish-green to brown 
in colour. When shaken it foams readily because of the 
presence of the bile salts. The foam has a yellowish-green 
colour. This in itself is a rough test for bile but the more 
accurate clinical tests depend upon the fact that bilirubin is 
oxidized by nitric acid to form a scries of coloured compounds, 
biliverdin (green), bilicyanin (blue), choletelin (yellow), etc. 

Nitric Add test 

Wien a urine containing bile pigment is filtered the bili- 
rubin is largely retained on the filter paper. Twenty to 
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tlury ml. of urine are filtered and all of it allowed to drain 
'^^thT^^ugh the paper. The filter paper is unfolded and-spread 
' ‘ ^dn top of the funnel. A yellow colour on the paper almost 
invariably indicates the presence of bilirubin. A drop of 
concentrated nitric acid is added to the flat paper. If bile 
pigments are present, the centre of the drop is coloured red 
and the fringes blue and green, indicating the presence of 
different oxidation products of the original yellowish-brown 
bilirubin. 


Hunter’s Test 

Two ml. of 10 per cent, barium chloride are added to 5 ml. 
of urine in a centrifuge tube. The precipitate of barium 
sulphate, on which the bile pigments are quantitatively 
taken up, is spun do^vn and washed with a few ml. of 
water. 0-5 ml. of Van den Bergh diazo-reagent, 2 ml. of 95 
per cent, alcohol, and 0*3 ml. of sodium phosphate buffer 
(Na2HP04.12H20 — 6 g. per 100 ml. of water) are added 
with thorough mixing after each addition. A red colour 
indicates bilirubm, (Hunter, 1980.) (Cf. p. 42.) 

UROBILIN AND UROBILINOGEN 

The amounts of urobilin which are usually present are too 
small to impart a colour to the urine of normal persons. 
Most of the pigment is present as the colourless urobilinogen 
which readily gives rise to urobilin on oxidation. Urines 
containing large amounts of urobilin are reddisli in colour. 


Tests 

1. ISvo drops of n/10 iodine solution are added to 5 ml. 
of urine followed by 5 ml. of a 10 per cent, suspension 
of zinc acetate in alcohol. The mixture is allowed to 
settle and in the clear supernatant a green fluorescence 
becomes apparent if there is urobilin or urobilinogen 
present. If a spectroscope is available, the fluid may 
be examined for the broad absorption band (due to 
urobilin) at the green-blue junction. 
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2. 0*5 ml. of glacial acetic acid, followed by 2 ml. of 
5 •per cent, copper sulphate, are added to 10 ml. of 
urine. Two ml. of chloroform are added and the mixture 
thoroughly shaken and allowed to settle. If any 
urobilin is present it will appear in the chloroform layer, 
to which it imparts a pink colour. The spectrum may 
again be examined for absorption at the green-blue. 

INDICAN 

Only small amounts of indican, 5-20 mg. per day, appear 
in normal urine. Great increases are found in clinical con- 
ditions where there is stagnation and putrefaction of intes- 
tinal contents. Likewise decomposition of body proteins due 
to bacterial action, as in gangrene and putrid pus formation, 
results in large amounts of indican appearing in the urine. 

TEST 

To 5 ml. of urine in a test-tube are added 5 ml. of con- 
centrated hydrochloric acid and 2-D drops of dilute sodium 
hypochlorite solution, or of a freshly made saturated solution 
of bleaching-powder (a little bleaching-powder shaken in 
10 ml. of water in a test-tube at room temperature). 2-8 ml. 
of chloroform are added and the test-tube closed with the 
thumb and inverted several times. The amount of indican 
in a normal urine will give a light blue colour in the chloro- 
form in this test : if indican is present in increased amount, 
the chloroform will be intensely coloured. The test is 
therefore “ controlled ” with a normal urine, tested at the 
same time. 

Care must be taken in the above test not to use a large 
excess of hypochlorite solution, or the blue-coloured chloro- 
form-soluble product wll be oxidized to a colourless substance. 

MELANIN 

The black melanin pigments do not occur in normal urine. 
Their occurrence is usually associated with melanotic tumours. 
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The urine jniiy be clear or somewlmt darkened on passing, 
but on standing it rapidly deepens in colour and may become 
dark-brown or almost black. 

Zeller’s Test 

When urine is shaken witJi an cQual volume of bromine 
water a yellow precipitate forms which gradually darkens in 
colour and finally becomes black. 


Ferric Chloride Test 

On adding a few drops of ferric chloride to the urine in a 
test-tube there is produced a grey colour followed by a black 
precipitate (consisting of ferric phosphate with adhering 
melanin) which re-dissolves with excess ferric chloride. 

DIASTASE 

The estimation of urinary diastase is of some importance 
in diseases of the pancreas, in which values higher than 
normal are found. TJie “ units ” used are those of Wohl- 
gemuth. They arc given by the number of ml. of 0*1 per 
cent, starch solution digested by 1 ml. of urine. Expressed 
in these terms, the normal values are C-30 units. In pan- 
creatic abnormalities the value may rise to over 100 units. 

PRINCIPLE 

Different dilutions of the urine, buffered to pH 6*1 with 
phosphate solution, are incubated with a 0-2 per cent, solu- 
tion of starch. After incubation at 88” C., iodine is added 
to each sample, and the first tube in which no colour is pro- 
duced is taken as giving the dilution at which the starch is 
just completely digested. 


JIETHOD 

One ml. of the urine is added to 4 ml. of the buffer solution 
(pH 0-1), making a 1 : 6 dilution of the urine. Seven small 
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SOLUTIONS 

Phosphate buffer {pH 6-1).— This is made by mixing two 
solutions, A and B. 

Solution A, — 11*876 g. of di-sodium phosphate 
(Na 2 HP 0 j. 2 H 20 ) are dissolved in freshly boiled distilled 
water, and the volume made to 1 litre. 

Solution B. — 9*078 g, of potassium di-hydrogen phosphate 
are dissolved as above, and the volume made to 1 litre. 

These two solutions are kept in bottles lined with paraffin- 
wax. The phosphate buffer j>H 6 - 1 , used in the method, is 
made by mixing 15 ml. of solution A with 85 ml. of solution B. 

Starch Solution (0*2 per cent.). — 0*2 g. of starch is shaken 
in a test-tube with a little cold water. The paste so formed 
is washed into about 80 ml. of boiling water in a beaker. 

When the solution is cool, the mixture is poured and washed 
into a measuring flask, and the volume made to 100 ml. 

0*1 H'lodine. — ^This contains 12*7 g. of iodine crystals dis- 
solved in a solution of 20 g. of potassium iodide in a little 
water. The volume is then made to 1 litre. 

n/50 Iodine. — Is made by appropriate dilution of the 
0*1 K-iodine with water. 

ASCORBIC ACID 

The 24-hourly excretion of urinary ascorbic acid in normal 
persons (whose intake is 20-80 mg. per day) is in the neigh- 
bourhood of 50 per cent, of the intake. In cases of vitamin C 
deficiency and in certain infections there may be little or no 
ascorbic acid in the mine (Harris and Ray, 1935). 

COLLECTION OF URINE 

Urine is collected during 24 hours. Day specimens are at 
once analysed for ascorbic acid (or preserved with exact y 
10 per cent, by vol. of glacial acetic acid). Night specimens 
are put as soon as voided into a bottle containing exact y 
100 ml. of glacial acetic acid and well mixed ^vith the acjo. 
All urine is analysed as soon as possible. 
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Since 17* 6 mg. of ascorbic acid were contained in 720 ml. of 
acidified urine, this amount would also be contained in 020 ml. 
(720 — 100) of unacidified urine. 

100 ml. of unacidified) 17'C X 100 
urine contained ) g20 rng* ascorbic acid. 

PREPARATION OF SOLUTION 

Forty mg. (accurately weighed) of pure dichlorophenol- 
indophenol dye are dissolved in 500 ml. of water. Alterna- 
tively one tablet (2 mg. of the dye s 1 mg. ascorbic acid ; Messrs, 
HofTman — La Roche or British Drug Houses) is placed in a 
25 ml. volumetric flask : about 10 ml. of warm water are 
added and after the tablet has dissolved tlie contents of the 
flask are cooled and diluted to the mark. The resulting 
solution contains 0-04 mg. of dichlorophenol-indophenol per 
0‘5 ml. 


AHEVniH, VITAMIN 

PRINCIPLE 

The method of estimating aneurln is that described by 
Wang and Harris (1039, 1943), and by Simmons and Wootton 
(1944). It depends on the transformation of aneurin 
to thiochromc and comparison by fluorescence against a 
similarly treated known standard of aneurin. Normal values 
are variously given as 33-130 I.U. (= 00-390 [xg. per day), 
50-80 LU. ( « 150-240 pg. per day), DO-1 CO I.U. ( « 90-480 fig. 
per day). (I.U. = International Unit.) 

METHOD 

The specimen of urine is adjusted to approximately pH S 
as soon as possible. To 8 ml. of urine an equal amount 
of iso-butanol (saturated with water) is added in a 
glass-stoppered cylinder and shaken for 2 minutes. Tms 
extracted urine is used for the estimation. The butanol is 
discarded. , 

It is important tliat strict attention should be paid to tne 
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following details if reliable results arc to be obtained. Four 
cylinders arc marked : A and B (blanks), T (test) and S 
(standard), and the following amounts of urine, etc., placed 
in them. 

A B T standard 

Extracted urine 2 ml. S ml. 2 ml. I ml. of dilute standard. 

Methanol 2 ml. 2 ml. 2 ml. fl-S ml. water, 2 ml. of methanol. 

20 % Bodixim hy- J ml. 1 ml. — — 

drtnddc 


To cylinder A is added 2 per cent, potassium ferricyanide 
drop by drop from a burette until the colour remains slightly 
more yellow than cylinder B for 80 seconds. The volume 
added is noted, and this tube is discarded. The remaining 
tubes are treated as follows : 


B T Standard 


S % potassium ferricyanide — 

20 % BOdium hydroxide — 

Hj'urogen peroxide 6 % (20 v'ol.) 5 drops. 
/«a.{]utanoI 10 ml. 


Same amount os 
used in tube A. 
1 ml. (mix). 

S drops. 

10 ml. 


1 drop. 


1 ml. (mix). 
S drops, 
10 ml. 


All three cylinders are shaken vigorously for 2 minutes and 
the mixtures allowed to separate ; the aqueous lower layers 
arc removed and discarded. Fourml.dlstilledwater arc added 
to each cylinder and shaken for 2 minutes, allowed to separate, 
the water removed and 2 ml. of ethanol added to clarify. 
The volumes of B, T and Standard are made up to 15 ml. 
with redistilled «o-butanol, and 10 ml. of B and T arc used 
for matching fluorescence. 

Fluorinieiry. Ttvo tubes arc labelled B and T. Ten ml. of 
the tVo'butanol extract B arc measured into tube B, and a 
similar quantity of T into tube T. The comparison is made 
in a completely dark room using an ultra-violet lamp, which 
is enclosed in a case fitted wdth a Woods glass filter. The 
tubes arc held in front of the lamp and the fluorescence 
viewed dornx the long axis of the tubes. The bottoms of the 
tubes rest on a blackened platform fitted to the case of the 
lamp. Precautions are taken to intCTchange the position of 
the tubes and to inspect the fluorescence quickly' to avoid 
errors due to faUgue. Standard thiochromc (S) is added to 
tube 13 drop by drop with mixing, and at the same time 
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an equal volume of redistilled tio-butanol is added to 
tube T, until the fluorescence in each tube is adjudged equal. 
Possible sources of error to be eliminated include irregulari- 
ties in the size and uniformity of the tubes and the presence 
of fluorescing substances in the glass or the reagents. It 
should be noted that aspirin, quinine and other drugs may 
cause abnormal fluorescence. The “ Hysil ” test-tubes 
manufactured by Messrs. Chance Bros, are made of non- 
fluorescent glass, and are suitable for the comparison. 

CALCULATION 

[ig. Aneurin in) Total solution ^ x ml. of standard used 

2 ml. of urine) Amount used in test Volume of standard 
^15 iF * 

“lo^Ts-io 

It is usual to conduct the analysis on a sample of a 24'hour 
specimen of urine, and to express the result as the total 
output in micrograms ((xg.) of aneurin for the 24-hour period. 

SOLUTIONS 

Preparation of Standard.-^** Benerva *’ ampoules are used 
(Roche Products, Ltd). Ten mg. are dissolved in 100 ml. of 
n/ 10 hydrochloric acid in 25 per cent, alcohol. Ten ml. of 
this solution are diluted with n/10 hydrochloric acid and 
made to 1 litre. This dilute solution should be prepared 
fresh for use (= 1 mg. per 1000 ml. or 1 [xg. per ml.). 
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ANALYSIS OF CALCULI 

Calculi, although occasionally composed of a single con- 
stituent, are commonly mixtures of substances, and should 
always be cut or sawn to ascertain the presence or absence 
of different layers of deposits. The layers should be tested 
separately. 

Renal Calculi. These most often contain carbonate, 
oxalate, calcium, uric acid or urates, ammonium salts and 
phosphates ; more rarely cystine, “ urostealith ” (fatty 
mixtures), fibrin and xanthine. 

Biliary Calculi. The following substances may be present 
in these stones ; cholesterol, bile-pigments and calcium. 


SCHEME OF TESTS 
Rena! Calculus 

The calculus is powdered in a mortar (separate layers 
being treated separately). Some of the powder is treated 
in a test-tube with cold 2 N-nitric acid. Effervescence 
indicates carbonate. The solution is gently boiled, cooled, 
and filtered. Some of the filtrate is made alkaline vrith 
ammonia solution. A precipitate indicates calcium oxalate 
or -phosphate : the phosphate precipitate being soluble in 
acetic acid (now added in excess), the oxalate insoluble. The 
presence of phosphates may be confirmed by addition of 
ammonium molybdate solution to the lutric acid mix- 
ture. A yellow precipitate on boiling, or an intense blue 
colour on the addition of aminonaphtholsulphonic acid 
reagent (cf., blood phosphorus), confirms phosphate. The 
presence of oxalate may be confirmed by its conversion to 
carbonate by heating some of the precipitate to red heat over 
a flame and treating the residue wth 2,N-hydrochIoric acid, 
when effer\’cscence indicates oxalate. I’his solution is treated 
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with ammonium oxalate solution and neutralized with 
ammonia. A crystalline precipitate confirms calciutn. 

More of the powder is boiled in a test-tube with 2 N-sodium 
hydroxide ; an odour of ammonia indicates ammonium sails. 
One ml. of the filtered solution is treated with about 0 -3 ml. 
of FoHn’s uric acid reagent and then with 1 ml. of sodium 
cyanide-urea solution. A blue colour shows urates or uric acid. 
The presence of these compounds may be further tested by 
evaporating a mixture of the powder \rith a little concen- 
trated nitric acid to dryness in a porcelain dish. A red 
colour, becoming reddish-violet on addition of excess ammonia 
shows urates or uric acid : (this is the murexide ” reaction). 
If ammonium salts are present, the urate is probably present 
as ammonium urate. 

Cystine burns with a pale blue flame. Its presence may be 
confirmed by boiling the sodium hydroxide solution of the 
powder with a little lead acetate : a black precipitate is 
given by cystine. Typical hexagonal crystals are formed if 
an ammoniacal cystine solution is allowed to evaporate. 

Urosiealiih calculi are soluble in alcohol and ether. Fihrin 
burns with a “ burnt feather ” odour and a yellow flame, and 
dissolves in hot 2 N-potassium hydroxide, from which it is 
precipitated by acetic acid, with evolution of hydrogen 
sulphide. 

Xanthine burns without a flame. It gives a yellow residue, 
turning orange with sodium hydroxide, in tlie murexide test. 

Biliary Calculus 

A little of the dry powder from a biliary calculus is well 
shaken with chloroform. A yellow colour, which turns red 
or blue on addition of the Erlich diazo reagent and excci.''. of 
alcohol shows bile-pigments. Five ml. of the filtered chloroform 
solution are treated with 2 ml, of acetic anhydride and 2 drops 
of concentrated sulphuric acid. A green colour shows 
cholesterol. 

• REAGENTS REQUIRED 

Concentrated nitric and sulphuric acids; glacial acetic 
acid ; acetic anhydride ; alcohol ; ether ; chloroform ; - N- 
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hydrochloric ftcid ; 2K*ammonia; 2 N-sodium and potassium 
hydroxides ; lead acetate (10 g. per 100 ml.) ; ammonium 
molybdate {5 g. per 100 ml.) ; ammonium oxalate (4 g. per 
100 ml.) ; sodium cyanidc-urca (5 g. sodium cyanide and 
20 g. urea in 100 ml. of solution) ; Folin’s uric acid reagent 
(see “ uric acid ” in blood) ; Erlich*s diazo reagent (freshly 
made mixture of 10 ml. of solution “ A *’ (1 g. sulphanilic 
acid 250 ml. N-hydrochloric acid -f water to 1 litre) and 
O'O ml. of solution “ B (sodium nitrite, 0‘5g. per 100 ml.) ). 

SOLUTIONS 

2 k-A’jVWc Acid. — 12*07 ml. concentrated acid diluted to 
100 ml. with water. 

2 K-Ammonia Solution. — 11*4 ml. concentrated ammonia 
diluted to 100 ml. ^vith water. 

2 V'Acclic Acid. — 12 ml. glacial acetic acid diluted to 
100 ml. with water. 

Ammonium ^^ollJbdalc Solution. — 5 g. ammonium molyb- 
date dissolved in water and made to 100 ml. (sec p. 55). 

Aviimnnphtholsulphonic Acid. — See p. 35. 

2 S'l/t/drochloric Acid. — 20 ml. concentrated acid to 100 ml. 
with water. 

Ammomum Oxalate. — Saturated (4 per cent.) solution 
(see p. 00). 

2 s-Soditim Hydroxide. — S g. per 100 ml. 

Folin's Uric Acid Feagent. — Sec p. 10. 

Sodium Cyanide — Urea Solution. — See p, 10. 
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GASTRIC ANALYSIS 
GASTRIC TEST MEAL 
PRINCIPLE 

The gastric mucous membrane is stimulated to secrete 
gastric juice by introducing alcohol (caffein solution, or gruel) 
into the stomach, witli the purpose of imitating the normal 
physiological stimulus. The response may or may not be 
maximal. A maximal acid secretion is obtained after sub- 
cutaneous injection of histamine. The acid response is 
measured by estimating the concentration of “ free acid ” 
(free HCl) and “ total acid ” (free HCl, HCl in combination 
with protein buffers, butyric, lactic, and other weak organic 
acids) in small samples of gastric contents removed at 15- 
minute intervals. At the same time the presence of blood, 
bile, excess of mucus, lactic acid, and undigested starch may 
be noted. 


SIGNIFICANCE OF RESULTS 

Healthy subjects without gastric symptoms secrete gastric 
juice of widely varying acidity. Achlorhydria, even after 
histamine, is found in a few young persons and in an in- 
creasing proportion as age advances, up to nearly 30 per cent, 
at ages over 70. Achlorhydria after histamine is almost a 
constant finding in pernicious anaemia : achlorhydria, or low 
acidity, is very common in idiopathic ” microcytic anaemia. 
Normal or high acid values (up to 0 *4 per cent, free HCl) both 
in resting juice and after stimulation, are very common in 
duodenal ulcer. There is no useful relationship between 
gastric acidity and the presence of gastric ulcer. 

Blood in flecks may be due to trauma of the mucosa by 
vigorous suction ; in larger quantities it comes usually from 
an ulcer or a growth. 


no 
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Food debris in the “ resting juice,” and an abnormal excess 
of total over free acid indicate pyloric obstruction, -with 
decomposition of the retained gastric contents. The normal 
excess of “ total ” over " free ” acid is about 10 ml. n/ 10 
per 100 ml. 

ANALYSIS OF GASTRIC CONTENTS 

Gastric Acidity. Five ml. of the stomach contents are 
pipetted into a porcelain dish containing 2 to 3 drops of a 
mixture of equal volumes of Topfer * and phenolphthalein 
indicators. 

The mixture is titrated Avith n/20 sodium hydroxide until a 
permanent orange colour is obtained (the point at which all 
the free acid is neutralized). Titration is then continued until 
the colour of the solution becomes red (total acid). 

The results are multiplied by ten and thus expressed as 
ml. of n/10 sodium hydroxide required to neutralize 100 ml. 
of stomach contents. 

Bile. A few ml. of the stomach contents are put into a test- 
tube and a few drops of n/60 iodine added. A green colour 
denotes bile. 

Mucus. SIucus is detected by the stringy appearance of 
the stomach contents. 

Blood. Blood is detected in the same manner as ” occult 
blood ” in faeces. 

Lactic Acid. 2 ml. of stomach contents in a test-tube are 
shaken wth 5 ml. of ether. The mixture is allowed to 
Separate and the ether layer is removed to another tube. 

The ether layer is evaporated off by immersing the tube in 
hot water. 

The residue is dissolved in 2 ml. of water and a few drops 
of SlacLean’s reagent are added. A yellow colour indicates 
the presence of lactic acid. 

MacLean’s Reagent is a mixture of : — 

100 ml. saturated mercuric chloride solution (5 per cent.) 
1*5 ml. concentrated hydrochloric acid 
6 g. ferric chloride. 

* *'»<Jicator is a solution (0*5 g. per 100 ml.) of dimethyl yellow in 
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TOTAL CHLORIDE IN GASTRIC JUICE 
Volhard Method 

Five ml. of gastric juice are pipetted into a 25 ml. volumetric 
flask and 10ml. of n/5*85 silver nitrate in nitric acid solution 
(as used for the urine method) are added. The solutions are 
well mixed, made to the mark with water and again mixed. 
After 10 minutes the mixture 5s filtered. Ten ml. of the clear 
filtrate { = 2 ml. of gastric juice and 4 ml. of silver nitrate) 
are diluted with water in a porcelain dish and titrated >vith 
n/5*85 ammonium thiocyanate solution to the final per- 
manent pink colour. 

CALCULATION 

1 ml. n/5'85 silver nitrate = 10 mg. NaCI. 

mg. NaCl in 2 ml. gastric juice = (4 — titre) X 10 

100 

mg. NaCl in 100 ml. gastric juice = (4 — titre) x 10 X - 5 - 
== (4 - titre) X 500 



Chapter X 


HYDROGEN ION CONCENTRATION 

In pure distilled water the concentrations of hydrogen ions 
and of hydroxyl ions arc equal. The water is “ neutral.” In 
an acid solution there is a preponderance of hydrogen ions over 
the concentration of hydroxyl ions. In an alkaline solution 
the concentration of hydroxyl ions is greater than that of 
hydrogen ions. 

The product of the concentrations of hydrogen ions and 
of hydroxyl ions is the same (i.e., is a constant) in all aqueous 
solutions, be they acid, neutral or alkaline. 

(HD X (OH-)==K^ 

Pure distilled water has a concentration of one ten mil- 
lionth gram of hydrogen ions per litre, i.e., 1/10^ or more 
briefly a concentration of 10“’ gram per litre. The con- 
centration of hydro.xyl ions in distilled water is likewise 
10“ The product of the concentration of hydrogen ion and 
hydroxyl ion is 10“’ x 10"’ « 10~’^ the value of the 
constant 11^. 

Hundredth normal hydrochloric acid (O-OI x-HCl) has a 
co:;centration of hydrogen ion of about O'OI g. per litre, i.e., 
of 10“’. The hydroxyl ion concentration u'ill, therefore, be 
and the value of the product remains 10"’*. Likewise 
for hundredth normal sodium hydroxide (0*01 x-NaOH) the 
concentration of hydro.xyl Ions is 30'* and of hydrogen ions 
10“ And the constant K«. is in both cases 10“’*. 

The symbol pH is used to denote the negative logarithm 
(to the base 10) of the hydrogen ion concentration, c.g., 
pH 7 for the distilled water of hydrogen ion concentration 
10"’, pH 2 for the 0*01 x-hydrocliloric acid of hydrogen ion 
concentration 10~* andpH 32forthe0-01.N’*sodiumhydroxide 
whose concentration of hydrogen ions is 10“”. It forms 
a convenient means for designating the hydrogen ion 
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concentration of any solution. In most biological fluids 
the hydrogen ion concentrations vary only within narrow 
limits, and do not depart very mnrkcdiy from the neutral 
point of pH 7. 

The colorimetric determination of pH is dependent on the 
use of indicators, organic compounds which change colour 
u'ith change in hydrogen ion concentration. The changes in 
colour of indicators take place over definite and fairly narrow 
ranges of hydrogen ion concentration, within which inter- 
mediate shades of colour corresponding to different values of 
pH can be recognized. Tlic following is a list of the indicators 
most commonly used in biological work ; 

IndkaioT pH range and colour change 

Thymol blue .... red 1*2 to 2*8 yellow. 

Topfer’s indicator (dimethyl yellow) red 2*8 to 4-5 yellow. 

Methyl orange .... red 2*0 to 4-0 yeUow. 

Bromphenol blue . . . yellow 8*0 to 4'Cl)Iue. 

Methyl red .... red 4*2 to 0*8 yellow. ‘ 

Brom thymol blue . . . yellow C'O to 7*6 blue. 

Phenol red .... yellow 0*8 to 8*4 red. 

Thymol blue .... yellow 8*0 to 0*6 blue. 

Phenolphthalein . . . colourless 8*2 to 10*0 red. 


JIETHOD 

ThepH of an unkno^m liquid may be determined by adding 
1 ml. of a dilute solution of the indicator to 10 ml. of the 
liquid in a test-tube. The tube is stoppered, the contents 
mixed, and the colour compared with those in a standard set 
of buffered solutions of known pH containing the same amount 
of indicator. In the case of coloured solutions (e.g., wine) 
it is convenient to compensate for the colour by placing a 
tube containing the properly diluted coloured solution behind 
the standard indicator tube, and a tube of water behin 
that containing coloured solution plus indicator. A specja 
comparator apparatus is best used for this purpose, 
approximate pH value for the liquid can be obtained y 
noting the colour produced ivitK one or more indicators an 
comparing with the table. Thus, if urine is yellow to brom 
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thymol blue and is ydlow or orange yellow to methyl red, 
its pH is probably in the neighbourhood of 6‘0. For fuller 
discussion and instructions see : Britton (1942), & Clark 
(1928). A convenient comparator, complete with tubes of 
standard bulTcrs with indicators, for the colorimetric deter- 
mination of pH is obtainable from Messrs. British Drug 
Hou'ies and Messrs. Hopkins & Williams. The B.D.H. Capil- 
lator set is a useful instrument for pH measurements of very 
small, as well as laigc, quantities of liquid. 

SOLUTIONS 

The indicators mentioned above may conveniently be pur- 
chased in ready-made solutions. If it is desired to prepare 
them from the solid dyes, then 0-1 g. of thymol blue, brom- 
phenol blue, bromthymol blue or phenol red should be dis- 
solved in 20 ml. of warm alcohol and diluted to 100 ml. with 
water. Preparation of Topfer’s indicator is given on p. Ill, 
and of methyl orange, methyl red and phcnolphthalein on 
p. 141. 



CirAPTER XI 

SPECTROSCOPIC PROCEDURES 

In many ca?cs it is useful to examine solutions spcctro* 
.<icopicaVy to identify the pigments present. Jfnny pigments 
give characteristic dark absorption lines in the visible part of 
the spectrum, and these lines may be detected and their 
position in the spectrum approximately determined by direct 
visual examination ivitb some sort of simple spectroscope. 

DIRECT-VISION SPECTROSCOPE 
A form of this instrument is illustrated. 



A 


F/0. 5. 

Light from a source S travels through the solution A and 
reaches the eye after spectroscopic resolution by means of a 
prism and lens system in the instrument. The size of the 
slit B may be adjusted by means of the screw C and the 
spectrum is focused by moving the eyepiece, D. For the 
examination of solutions, the eyepiece is placed close to the 
eye, and the apparatus pointed at a bright light, preferably 
daylight. The spectrum h sborpJy focused, and the test- 
tube or glass cell containing the solution is placed so that it 
touches the slit B. The spectrum should now be clearly 
and sharply visible ; if not, the slit B, and the eyepiece V, 
are adjusted until this condition is attained. The dark 
bands due to the pigment ought now to be visible. 
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The following are characteristic ; — 


rigment 


FoslUoD on the ipectmm. 

. tWave-length In tn(i ) 

Reduced haemoglobin 

1 

SCS 

Oxvhacmoplobin . 

2 


CatboxYhacmoglobin 

2 

535, 572 

^lethaemoglobln , 

4 

500, 540, 570, 030 

Alkaline methacmoglobin . 

2 


Sulphaemoglobin 

8 

540. 578, 018 

Haemochroniagen . . 

2 


Acid hacmatin 

5 

505, 540, 580, 638, 650 
(in dilute HCi) 

Alkaline hamatin 

1 

007 

Acid porphyrin . 

2 

554, COO 

Alkaline porphyrin . 

4 

504, 530, 676, 622 

StercobUin (urobihn) 


490 


450 500 550 600 700 


blue 

yellow 


Violet blue green 

yellow orange 

red 

gfeen 

green 



RtETHODS 

Blood 

Blood is diluted 1 in 5, or 1 in 10, with water, and cell 
membranes centrifuged out or allowed to settle. The clear 
solution is examined in a glass cell or tube. It is important 
that the greatest possible depth or concentration of solution 
(consistent with visibility) should be examined, and that a 
careful search should be mode (with varying depths or con- 
centrations of solution) for any bands in the red part of the 
spectrum (620-630 m(x). The bands due to met- or sulph- 
haemoglobin, present sometimes in blood from patients 
treated wth drugs (e.g., sulphanilamide and its derivatives), 
are not always easy to detect. If such bands (at approx. 
020-630 mp) are seen, the solution should be treated with a 
drop of yellow ammonium sulphide. A band due to met- 
haemoglobin will then disappear ; if sulphaemoglobin is 
present its band persists. For comparisons, laked blood may 
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be treated with a little potassium ferricyanide solution, which 
will cause methaemoglobin to be formed. A sample of sulph- 
haenioglobin may be prepared from blood (10 ml. of l/lOO 
dilution), phenyihydrazine hydrochloride solution ( 0*1 ml. 
of a O'l per cent, solution), and a drop of water saturated 
with hydrogen sulphide. 

Urine may be directly examined (after filtration or centri- 
fuging) for urobilin, porphyrin, and haemoglobin pigments. 

Faeces 

(a) For Stercobilin. Approximately 1 g. of faeces in a 
test-tube is shaken well with 15 ml. of acid alcohol (1 ml. 
of cone, hydrochloric acid per 100 ml. of alcoholic solution). 
After some hours, the supernatant liquid (with dilution, if 
necessary, with acid alcohol) is examined spectroscopically. 
The acid alcohol converts stercobilinogen into stercobilin. 

(t) For Blood. About 1 g. of faeces is well shaken in a 
glass-stoppercd cylinder with 10 ml. of Avater. Ten ml. of 
glacial acetic acid and 20 ml. ether are now added, and the 
mixture carefully shaken. The emulsion is allowed to 
separate (with addition, if neccssar>% of a little more ether 
or water). The ether layer is examined for alkaline porphyrin 
and Is then decanted and shaken with 10 ml. of 2 K-hydro- 
chloric acid, Eacii layer is examined. The ether may 
contain acid baematin (from bhod) and chlorophyll, and the 
aqueous part, acid porphyrin. Stercobilin may be present in 
both layers. 

THE QUANTITATIVE ESTIMATION OF CARBON 
MONOXIDE IN BLOOD 
HARTRIDGE REVERSION SPECTROSCOPE 

In cases of carbon monoxide poisoning, the blood may 
appear a bright carmine in colour, due to the presence of 
carboxyhaemoglobin. The ^ectrum of carboxyhaemoglobin 
is similar to that of oxyhaemoglobin, but the bands (a and p) 
in the green are shifted slightly tow'ards the violet end of the 
spectrum. This shift, though difficult to detect with a simple 
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I'ic. 7. — SpcctfUf?! of oxyltaentofrlobi/i m Ilartridgc reversion 
spectroscope ; ndjustcd to mnkc a lines correspond, 

(From Thorpe’s BiochmUtnj J 



Fig. 8. — Spectrum of carbo^’haemoglobin in Hartridge reversion spectro- 
scope ; showing shift of o bands from their position in oxyhaemoglobm. 

(From Thorpe’s BtochemUln]’) 
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jectroscope, may be quantitatively measured by means of 
rue Hartridge Reversion Spectroscope. In this instrument 
light from a source passes through a solution in such a way 
that two spectra are formed, one immediately abor'e the 
other. 

The spectra are also reversed with respect to one another, 
and the position of one of them can be altered longitudinally 
by moving a micrometer screw. If a glass cell filled with 
a solution of oxyhaemoglobin is placed in the path of the 
light the corresponding lines (a) in the spectra may be made 
to coincide (fig. 7). If, now, the cell is replaced by one 
containing some carboxyhaemoglobin, the bands mil appear 
shifted with respect to one another (fig. 8). By adjusting 
the micrometer screw until coincidence is again obtained, 
the extent of the shift is measured and can be related to the 
percentage of carboxyhaemoglobin by reference to a graph, 
obtained as follows : — 

Blood is diluted with ammonia solution (4 ml. of cone, 
ammonia per litre in water). The dilution of blood (usually 
1 in 20) must be such that, with the cell used, the distance 
between tlie a and 3 haemoglobin bands is approximately 
equal to the ividth of one of them. T)ic solution so formed is 
saturated with oxygen to give 100 per 
cent, oxyhaemoglobin and with coal gas 
to give 100 per cent, carboxyhaemo* 

globin solutions. The two cells A and ^ 

B are then placed face to face so that 

the light traverses them both. Cell A 

is first filled with 100 per cent. -i 

oxyhaemoglobin and B with ammonia 5 

solution. A reading is taken at coinci- F,a, a. 

dence of the a haemoglobin bands. 

Cell A is now emptied and refilled with 100 per cent, 
carboxyhaemoglobin solution and another reading taken, 
at coincidence. For 50 per cent, saturation of carboxy- 
hncmoglobin, cell A is filled with n mixture of equal 
volumes of dilute ammonia and 100 per cent, carboxj'- 
hacmoglobin solution and cell B with a similar mixture of 
ammonia and 100 per cent, oxyhaemoglobin solution. For 
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25 per cent, saturation of carboxyhaemoglobin, cell A con- 
tains a mixture of 25 volumes of 100 per cent, carboxyhaenio- 
globm and 75 volumes of dilute ammonia, while cell B is 
nlled with a mixture of 75 volumes of oxyhaemoglobin and 
25 volumes of dilute ammonia. Similarly, points for other 
concentrations of catboxyhacmoglobin arc obtained. In each 
case, coincidence of the « line is obtained, and the micrometer 
reading noted. The readings for the various concentrations 
arc subtracted from that for 100 per cent, oxyhaemoglobin, 
and the results plotted as^ shown. 



Fio. 10. 

For the estimation, a 100 per cent, oxyhaemoglobin 
solution of the above dilution is placed in a cell, and coincid- 
ence obtained. The cell is now replaced by another con- 
taining the suspected blood, similarly diluted, and the amount 
of shift («) necessary to obtain coincidence is measured. 
It is advisable to check the instruments, also, with a 100 per 
cent, carboxyhaemoglobin solution. The results obtained for 
this and for 100 per cent, oxyhaemoglobin should agree wth 
the standard graph. When this has been done, the amount 
of shift (x) given by the suspected blood can be related to 
percentage saturation with carboxyhaemoglobin by simple 
reference to the curve. 
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TESTS OF FUNCTION 

THE GLUCOSE TOLERANCE TEST 

The patient is fasted for 12 hours or longer. The “ fasting 
blood sugar ’* is estimated by the method described. Im- 
mediately after the blood has been taken, a solution of 50 g. 
of glucose in 250 ml. of n-atcr is given (for youthful subjects, 



Fig. 11. — Glucose Tolerance Tests, 

A A B. N'ormal, 

C. Inciensed lolemnce (e.g., Ailduon'Ji disease). 

D. Decreiwcd tolerance (Diabetes). 

the amount of glucose should be 1 g. per 3 lb. of body weight). 
Blood sugar estimations arc then made at I, 1, and 2 
hourly intervals after the administration of the glucose. 
Samples of urine arc taken before the test and 2-4 times 
during its course. In normal persons, the blood-sugar will not 
generally rise above ICO mg. per 100 ml., and the urine will 
not give a positive test for sugar. TIjc blood glucose level 
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will show a sharp peak after ^ to 1 hour, falling to or nearly 
to normal at the end of 2 hours. In diabetic cases, the blood 
glucose may rise to very high levels (3OO-G0O mg. per 100 ml.) 
and only returns very gradually to normal. Sugar is almost 
always present in the urine. 


GALACTOSE TOLERANCE TEST 
Transformation of Non-glucose Sugars Into Glycogen 

Galactose, in common with various other sugars, e.g., 
laevulose, xylose, is not metabolized directly in the body 
as is the case ^rith glucose, but must first be transformed 
into glycogen. The capacity of the liver for transforming 
these other sugars into glycogen has been found to be altered 
in certain conditions of impaired liver function, and the rate 
of removal of the sugar in question from the blood forms the 
basis of an estimate of the capacity of the liver for trans- 
forming the non-glucose sugar. 

By the galactose tolerance test it is possible only to detect 
fairly severe degrees of liver damage. The test, in con- 
junction with other investigations (e.g., Bilirubin and Phos- 
phatase determinations) may be useful in differentiating 
between obstructive and non-obstructive jaundice. 


MODE OF ADIVUNISTRATION 

As most commonly employed, the te^t consists in the oral 
administration of 40 g. of galactose, followed by analysis^ of 
the urine passed in the succeeding five hours to determine 
the total amount of galactose excreted. If the liver (and to 
a lesser extent, other tissues) has metabolized the administered 
galactose to such an extent that less than 3 g. is excreted 
in the five hours following ingestion, its functional capacity 
is held to be unimpaired. The excretion of more than 3 g. o 
galactose is considered to indicate subnormal hepatic function. 

A more exact procedure is to inject the galactose solu ion 
and estimate the rate of its disappearance from the blood. 
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EXPERBIENTAL PROCEDURE 

A solution of galactose (50 g. per 100 ml. of solution) is 
prepared and sterilized by filtration and steaming. 

Graded Doses of Galactose. The patient receives no break- 
fast. An amount of solution equivalent to 0 • 6 g, of galactose 
per kg. of body-weight — e.g-» CO ml. of the 50 per cent, 
solution for a €0 kg. person — is injected intravenously from 
a 100 ml. syringe, the injection being given slowly over 
about five minutes. 

Standard Dose of Galactose. The injection of 50 ml. of a 
50 per cent, solution of galactose has given, with adults, 
results indistinguishable from those obtained with graded 
doses. This is a much more convenient amount to inject, 
because most hospital wards have 50 ml. syringes, whereas 
100 ml. syringes are usually special equipment. 

Samples of Blood. The first sample of blood is taken 
immediately after the administration of the galactose (5- 
minute sample), the second sample at ^ hour, and further 
samples at 1, li, and 2 hours. A sample taken before 
the galactose administration may be substituted for that at 
5 minutes. This resting sample is a useful check on the 
analytic method because it should contain no galactose. 

Analysis. The samples of blood (0-2 ml. of capillary 
blood) are washed into centrifuge lubes containing 2*2 ml. 
of isotonic sodium sulphate and 0 • 8 ml. of 10 per cent, sodium 
tungstate. The estimation is completed as described on p. 23. 

RESULTS 

The galactose values are plotted against time and for a 
normal person usually give n curve which begins about 
200 mg. of galactose pet 100 ml. of blood, falls steeply during 
the first hour, and reaches a figure between 0 and 10 mg. 
per 100 ml. at the end of two hours. In most cases of 
obstructive jaundice the curve of blood galactose follows 
the same course, there being little or no galactose left in 
the blood at the end of two hours. In conditions of 
liver damage the level of galactose in the blood does not 
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return to the normal level within the two hours. The 
level of blood galactose is extremely variable in the 
first (5-mmute) specimen. This is inevitable because of 
the variable time which it takes to inject the galactose in 
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thovkins amount of blood 
S»Ueto»e Mit*T lotravcs- 
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different people. The h 1, and Ij hour specimens show 
greatly different values for different people, but on the 
whole the curve of blood galactose appears to be lower m e 
normal, non*hepatic, and obstructive jaundice cases 
is in the toxic and infective groups, ibe results shou 
be considered to have any final diagnostic signihcance, 
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CALCULATION 

Alimvance must be made for the solubility of hippuric 
acid in urine saturated U’ith salt at room temperature (0*123 g. 
per 100 ml. = 0*1 g. sodium benzoate). 

1 -0 ml. 0-5 N-NaOH s 0-072 g. CaHjCOONa 
Weight of hippuric acid excreted * 

= ml. NaOH used x 0-072 -f ( 0-1 x 

• Expressed as g. sodium benzoate. 

Normal range (Quick, Ottenstein and Weltchek, I938>— 
0-8e-l*I2 g, expressed as sodium benzoate. 

0*7 -0-9S g. „ „ benzoic acid. 

UREA CLEARANCE TEST 

The “ urea clearance test ’* (devised by Moeller, McIntosh 
and Van Slyke) aims to obtain a measure of the efficiency 
with which tlic kidney excretes urea. It shows the response 
of the kidney to the stimulation of the actual amount of 
urea in the blood. The clearance is defined in terms of the 
number of miililitres of blood “ cleared ” of urea per minute. 

It has been found that with large volumes of urine (above 
2 ml. per minute) the output of urea depends upon, and is 
directly proportional to the level of urea in the blood. Where 
the rate of urine excretion falls below 2 ml. per minute this 
direct relationship no longer holds and the output of urea 
is now found to vsiTy, not only %vith the blood urea but also 
with the square root of the volume of urine. 

In order to obtain a maximum physiological stimulation of 
the kidney, urea is given to the patient with a liberal drink 
of water before commencing the test. In cases where the 
blood urea is already high the water alone is given. 

The necessary data are the urea concentration of the blood 
and of the urine, and the volume of urine excreted in the 
given time. » 

The normal “ maximum clearance ” (when the ivow o 
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urine is above 2 ml. per minute) is usually about 40 per cent, 
greater than the “ standard ” clearance (flow of urine less 
than 2 ml. per minute). The average normal values are as 
follows : — 

For the “ maximum clearance ” an average of 75 ml. 
of blood per minute with variations from 64 to 99 ml., 
and for the " standard clearance ” an average of 54 ml. 
vnth variation from 40 to 68 ml. 

Nephritic patieirts with diminishing renal efficiency show 
a decreased “ clearance *’ (do^m to about 40 per cent.) before 
the blood urea and the blood creatinine begin to rise ; on the 
other hand, the maximum specific gravity of the urine is often 
diminished before the urea clearance test gives abnormal 
results. When the clearance falls to 5 per cent, the symptoms 
of uraemia usually appear. 

METHOD 

The patient is given no breakfast and nothing to drink 
in the early morning other than water if desired. 

The test is carried out in the forenoon as follows : — 

0 hours ; Empty bladder 

Give 15 grams urea in 500 ml. water, if 
the blood urea is not raised. (If 


blood urea is known to be raised, or 
likely to be raised, give 500 ml. water 
only.) • No. 

J hour I Take blood for urea estimation . . Blood 1 

1 hour : Empty bladder f — send complete 

specimen to laboratory , , . Urine 1 

1^ hours ; Take blood for urea estimation . . Blood 2 

2 hours: Empty bladder t — send complete 

specimen to laboratory . . . Urine 2 


4U* urea sIjohW usually beCttenninMl oday ortwo before 
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Uraemia, blood urea 103 mg. per 100 ml. (500 ml. 
water administered) ; 

Blood Urea . . . 209 mg. per 100 ml. 200tng.pcrl00ml. 

Urine Urea ... CIS „ „ CIS „ „ 

Urine Volume . . . 100 ml. 05 ml. 


_ „ 015 /lOO 

CLCALA^cr. . . -f.-SS-Vl-SJ 

Blood cleared of Urea per 

minute . . . Bs=3'8ml. 

% of Normal Function . (C^ x 1-85) =7-0 


C, « 


015 195 
200 \00 


= 3-7 ml. 

(Cg X 1-85) = O-O 


Average = C-03 % of Normal Function, 


4. (/. 54) Pyelonephritis, Vrannia, blood urea 250, rising to 
C40 mg. per 100 ml., urine albumin COO mg. per 100 ml. 

Post Tilortem : abscesses in both kidneys, subacute diffuse 
nephritis. (500 ml. water administered) ; 

Blood Urea . . a78mg.peHOOml. 250 mg. per 100 ml. 

Urine Urea ... 002 „ 892 .. 

Urine Volume . 10 ml. 10 ml. 

„ ^ 002 no 

CiSARANCe . ^•“OtS'N/cO ^ 250\C0 

Blood cleared of Urea per , 

minute . • . - 1-2 ml. 

% of Normal Function . <C* x 1 85) « 2 3 (Cg x I-8oj « a . 

Avtrase «* 2'6 % of Normal Function. 


GASTRIC TEST MEALS 

Test meals arc tests of gastric function. Through them a 
study is made of the gastric secretion — of the T^ah y an 
quantity of the gastric juice in relation to its differen c n 
stituents. The presence of abnormal constituents is ' 
and the time it takes the meal to leave , j 

factors influencing gastric secretion to 

chemical. Tests of function are based on the resp 
chemical and humoral stimuli. The chemical ““j 

is usually a simple meal of dry toast or oatmeal pud, or ot 
dilute oleohol. This type of stimulus may be oalW ‘ “ 
physiological stimulus.” Humoral stimulus is obtamc 
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usually by injection of a small amount of histamine. This 
may be called the pharmacological stimulus.” 

Histamine Test 

Histamine has definite advantages over the ordinary test 
meal. It evokes a maximum response, and often produces 
acid secretion where the ordinary test meals fail completely. 
It is independent of the psychic factors Involved in the taking 
of any ordinary meal. It adds nothing to the stomach so that 
a pure juice, undiluted and uncontaminated, is obtained ; 
and no neutralization of the acid can take place through 
food constituents. 

The Combined Alcohol and Histamine Tests 

Alcohol as a physiolo^cal stimulant has several advan- 
tages over gruel, charcoal biscuit or dry toast. It is much 
less objectionable to take, is easily swallowed, and evokes a 
feeling of pleasure instead of distaste on the part of the 
subject. 

The gastric juice obtained is ideal for analysis. It is thin 
and easily pipetted. No suspended food material obscures 
the colour and renders it turbid. The presence of bile, 
mucus, and altered blood are much easier to detect, and the 
end-points in the titration are sharper and better defined. 

Alcohol seems to cause a more ready response of gastric 
secretion than the other test meals. The curve of acidity 
rises more sharply. There is not the preliminary drop 
following the resting specimen which is observed in most 
fractional test meals, and is probably due to the neutraliza- 
tion of the first juice secreted, by the food stuff administered. 
Alcohol does not neutralize any of the acid. It is a neutnal 
substance and only dilutes the juice. Further, a sufilcient 
amount can be given in much less volume so that the dilution 
factor is small. Instead of a pint of gruel, only 50 ml. of 
aqueous alcohol are usually given. 

The response to alcohol is much more quickly over — ^partly 
because it does not remain so long in the stomach. The 
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purely liquid meal is soon evacuated. Most alcohol test 
meals show a decline in acidity by the end of an hour. A 
test meal of suspended solids takes to 2 hours. 

Administration of histamine following the alcohol elTect 
gives a test which combines the advantages of the simple 
physiological type of stimulus with those very definite ones 
possessed by the pharmacological type of stimulus. And it 
allows of comparing in the same subject the two types of 
response. 

The combined test (which is really two tests in one) is 
quicker than an ordinary test meal and yields more valuable 
information. 


METHOD OF THE COMBINED TEST 

The patient is given a light supper the night previous. 
The tube is passed and the stomach emptied as far as possible 
of its resting juice. Fifty ml. of 7 per cent, alcohol are then 
given the patient to drink. About 10 ml. of fluid is with- 
dra^vn at the end of 16, 00, 45 minutes and 1 hour. 0*5 mg. 
of histamine is then given by intramuscular injection. 
Samples of Juice are taken at J and 1 hour. The total time 
consumed by the test is thus 2 hours. 

Resting juice should be studied in relation to its volume 
and nature. Attention should be paid to the presence of a 
foul odour and to the presence of abnormal constituents such 
,as altered blood and lactic acid. 

The test meal samples of juice should be studied particularly 
in regard to their free and total acidity. The passage of 
fluid from stomach to duodenum — and hence the condition 
of the pylorus, is deduced from the shape of the curve. 
Regurgitation from the duodenum is looked for in the pre- 
sence of bile. 


interpretation 

1. Gastric Carcinoma. There is usually an ahsence of free 
HCl during the alcohol portion of the test. Htstammemsy, 
or may not, confirm this achlorhydria. The combined 
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FRACTIONAL TEST MEALS 
Alcohol and Hlslamlne : Types ol Response 



Normal •. free IlCl, area 
withJa wUIclj most values 
full with normal persons. 



Costric ulcer; fairly high 
free and total HCI; imaU 
amount of mucus ; &o bile 
or blood. 



Carcinoma ; resting Julco of 
foul odour : blood present ; 
no free HO, )i3gb total (prob* 
ably oi^anlc), lactic acid and 
mucus present. 



Pyloric ulcer: high free and 
tola! UCli no starch or 
mucus ; bile prewnt } no 
blo^ 5 no lactic add. 
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Duodenal ulcer? resting juice 
nonnal : marked response 
to stimuli in free and total 
IICI} slow emptying {plateau 
type): bile present, no blood. 



HCi : low total ; no star^ ; 
mucus and entail amount 
of biie present. 



Duodenal ulcer ? free and 
total HQ rather high ; no 
mucus, bile or blood. 



Apparent achlorhydria (gas- 
tric ulcer) : little mucus and 
bile : no blood. 


Fig. 18. 
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VOLUMETRIC SOLUTIONS 

A “ normal ” solution of any compound contains the 
equivalent of 1 gram of hydrogen (capable of reaction) in 
1 litre of solution. Acids furnish the reactable hydrogen 
directly ; they are said to have “ replaceable ” hydrogen. 
But in many cases, the relation of the substance to hydrogen 
is only obtained through an intermediate series of reactions. 

NORMAL SULPHURIC ACID 

Sulphuric acid {H 2 S 04 = 98) clearly contains 2 g. of 
hydrogen per gram mole, and hence | gram mole { = 98/2 « 
49 g.) of sulphuric acid is present in one litre of N'SuIphun'c 
acid. In practice, 27 ml. of concentrated acid (sp. gr. 1*84 ; 
hence 27 ml. approx, s 49 g.) are measured into about 800 
ml. of cold water in a litre volumetric flask. IVhen the 
solution is cold it is made to the mark and well mixed. This 
approximately N-acid is then standardized against pure 
anhydrous sodium carbonate by the reaction — 

NaaCOa 4- HaSO* — > Na^SO, + CO^ + HaO 

From this equation, 106 g. of sodium carbonate is equivalent 
to 2 1. of N'Sulphuric acid, or 1*06 g. sodium carbonate s 
20 ml. of N-sulphuric acid. About 1 g. of anhydrous sodium 
carbonate is therefore accurately weighed out on to a watch 
glass, and washed into a 100 ml. flask or beaker. To this 
solution, a few drops of methyl orange indicator are added, 
and the approximately N-sulphuric acid is run in from a 
burette until the indicator changes from yellow to orange (it 
is orange in acid solution, yellow in alkaline). The experi- 
ment is repeated. 

From the above equation, the number of ml. of the ap- 
proximately N-sulphuric acid w'hich ^vould be equivalent to 
1'06 g. of sodium carbonate is calculated. This should e 
186 
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Jess thai^ 20 m\. Suppose, for example, it is 18-45 ml.; 
then every 18-45 ml. ol Ihe ac\d is equivaiervt to 20 ml. o€ 
x-actO. 'Iliat is, 18-45 mU of acid must be diluted wth 
water to 20 ml., to give N-arad. An appropriate dilution 
of part or all of the remaining approximaldy X'add is 
now made. 

The niixed solution should be exactly x, and may be again 
tested against sodium carbonate to confirm this. 


NORMAL SOOlUM HYDROXIDE 

Sodium Jiydroxide (NaOH » 40) contains in 40 g. of sub- 
stance an amount of sodium (23 g.) which is equivalent to 
1 g. of hydrogen. Tliis " equivalence *' of sodium to hydrogen 
Is best understood by reference to the equation— 

HCl 4- NaOH = NaCl + HjO. 

Approximately 41 g. of the solid are weighed out as 
quickly as possible, and put into 50 ml. of water in a litre 
flask. MTicn cold, the solution is mixed and made to 
volume. This approximately N-solution is standardized 
against pure oxalic acid. 

coon COONa 

SNaOH 4- j — ► { 4- 2HjO 

COOH COONa 

00 

Hence, 2 litres of x-sodium hydroxide are equivalent to 
00 g. of anhydrous oxalic acid, or 90 4- 80 = ISO g. of 

coon 

oxalic acid crystals, | .SHjO 
COOH 

Thus, 

1-20 g. of oxalic acid crystals 

s 20 ml. of K-sodium hj^roxidc. 

Tlicrcforc about 1-2 g. of oxalic acid are accurately weighed 
out, washed into a flash, and the solution titrated with the 
approximately x-sodiuju hydroxide, u-ith methyl red 
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(yellow in alkaline, red in acid solution) as indicator. The 
amount of the alkah equivalent to 1*2C g. of oxalic acid is 
calculated. This amount should be less than 20 ml. The 
dilution to exactly n is then accomplished, as in tlie case of 
sulphuric acid. 

NORMAL AMMONIA SOLUTION 

Concentrated (sp. gr. 0*88) ammonia solution is approxi- 
mately 17 N. Fifty-eight ml. of this are therefore diluted 
with water to I litre, and the solution standardized against 
the N-sulphuric acid, with methyl red as indicator. 

TENTH NORMAL POTASSIUM PERMANGANATE 

Potassium permanganate (IvJInO,) reacts in acid solution 
with oxalic acid as follows : 

COOH 

2l^Mn04 -h 5 i + 8ILSO, — y K.SO4 + 2MnS04 + 

2 X 158 COOH lOCOj -f SHjO 

00 

(-h^HaO 
« 120 ) 

1 gram mole of potassium permanganate is equivalent to 
5 atoms of hydrogen. Hence, 0-1 N-permanganate contains 

= S’lO g. per litre of solution. 3'16 g. of pure 
50 

potassium permanganate are therefore weighed out, dissolved 
in water, and the volume made to 1 litre. 

From the above equation, 5 X 12G g. of oxalic aeid crystals 
slO 1. of N, s 100 1. of O'l N-permanganate. That is, 
0*126 g. of oxalic acid crystals s 20 ml. of 0*1 N-permam 
ganate. The above 0*1 N-solution may therefore be checked 
by titrating Avith it an exactly weighed amount (about • 
0*126 g.) of pure oXalic add crystals, dissolved in approxi- 
mately N-sulphuric acid. The acid solution is held in a 
beaker of hot water (about 80® C.) during titration, which is 
continued until the first persistence of pink permanganate 
colour. 
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Table 7.— TABLE OF NORMALITIES 
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COLORIMETRIC AND PHOTOMETRIC 
MEASUREftlENTS 

PHOTOMETRIC MEASUREMENT WITH THE 
ORDINARY COLORIMETER 

Photometric measurement of the intensity of colour in a 
solution is preferable, for analytical purposes, to colorimetric 
comparison with standard solutions. More accurate measure- 
ment of the colour is possible, and interference by extraneous 
colours — a source of frequent trouble in colorimetry-— -can be 
avoided. Photometers are, however, expensive, and most 
laboratories ate already equipped with colorimeters of the 
Duboscq type. By the use of light filters and neutral grey 
screens it is possible to make photometric measurements ^vith 
the ordinary Duboscq colorimeter.* By placing the light 
filter on the top of the cye-piece, and using daylight or 
artificial illumination, virtually monochromatic light is 
obtained. The light source is then adjusted to yield exactly 
equal Illumination on both sides of the field. Neutral grey 
screens serve as standards of light absorption.^ The neutral 
screen is placed on the left-hand rack of the colorimeter, 
and the rack screwed up till the screen is against the bottom 
of the plunger. The coloured solution is placed in the 
right-hand cup and its depth is adjusted until the two 
fields appear equal. This depth gives the measure of the 
light absorbed by the solution, which is equal to that absorbed 
by the neutral grey screen. The absorption will vary for 
lights of different wave-length as given by the different filters. 
With the filter showing maximum absorption the reading 
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(miDimeters of solution) will be 
of tw'o different solutions of 
the same coloured substance 
should be in inverse ratio to 
the strengths of the solutions. 
Generally speakings absorption 
’H'ill be found to be maximum 
for red soiations in the green 
or blue-green, and conversely, 
green solutions will sljoiv maxi- 
mum absorption in the red. 
Blue and violet solutions are 
maximally absorbing in the 
yellow, orange, and red ; and 
ycIlow’ and orange solutions in 
the blue and violet. 

The grey screen of an ap- 
psopTiate density, together with 
the light filter showing maxi- 
mum absorption, may be used 
as a permanent standard for 
any colorimetric method. It 
should be calibrated against 
the coloured solution of known 
strength — • the ** standard " ; 
and the general equation for 
calculating the res:«lt for an 
unknoim solution—thc “ test ” 
— then becomes : — 

Head, of atondard »Rau\st grey KCfccn 
UcaC. test ftgauut grvy screen 

X Cone, of standard >3 Cone, of teat. 

The colour of any solution 
may also be expressed as its 
“ extinction coefiident,** (B), 
The calculation Is as foUows : 


minimum ; and the depths 


6D0 700 



cWqrwle solution {stroog urea 
standard) ; nentnii screen, 
density O-rs. lied solution i 
bihrubm standard, 0-1 mg. la 
23 ml. (IJaHlexvood and King, 
IVUT) ; neutral screen, density 
0'50. Ulue solution ; uric 
acid standard t neutral screen, 
density O-SQ, 


Density of grey screen fr.g,, 0-5Q) 

Ueoding of •<dution against grey screen (in cm.) 
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Wlicn comparison of an unkno^m solution with a known 
standard of the same substance is made, using the light 
filter showing maximum absorption, the accuracy of matching 
is increased ; and interference by other contaminating colours 
is minimised because they arc not maximally absorbing for 
light of the wave-length being used. 

Note. — A fairly powerful light source is required with 
these filters. If the colorimeter is equipped with an artificial 
light it may be advantageous to increase the illumination 
by substitution of a stronger light bulb for that furnished. 

direct-reading photoelectric colorimeter 

Duboscq colorimeters and photometers arc now giving place 
to photoelectric colorimeters, which estimate the intensity of 
colour in a solution by measuring pholoclcctrically the pro- 
portion of incident light which Is absorbed by the coloured 
solution. Typical instruments arc the Evelyn (1930), the 
linger (1930), and the Summerson (1039). AVhen light falls 
on a photoelectric cell the current generated can be measured 
by connecting the cell to a galvanometer. The degree of 
deflection of the galvanometer needle depends on the amount 
of current generated, and this depends on the amount of light 
falling on the photoelectric cell. If a coloured solution is 
interposed between the source of light and the photoelectric 
cell some of the light is absorbed, less electricity is generated 
and a smaller deflection of the galvanometer takes place. A 
more strongly coloured solution will absorb more light, still 
less electricity will be generated, and the deflection will be 
still smaller. The degree of deflection of the galvanometer, 
therefore, can be used to give a measure of the intensity of 
colour in the solution, and hence of the concentration of the 
substance being analysed. 

The instrument here described makes use of this simple 
principle. It has been in use for routine and research jn 
these laboratories since 1040 and has largely displaced 
the visual comparison colorimeters formeriy in use. Some ot 
the advantages of photoelectric colorimetry over visual 
colorimetry are the much greater speed and ease of colour 
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measurement, and the elimination of eye fatigue and personal 
error. 

CONSTRUCTION 

The construction and assembly of the instrument are 
illustrated in fig. 15. An ordinary surgical head-lamp fur- 
nishes the source of light (E). The bulb is activated from 
an accumulator or constant voltage transformer. A steady, 
non-fluctuating light is obtained. Immediately in front 
of the lamp is mounted a block of wood (well-seasoned teak 
or oak 3x3x2 in.) which has been bored vertically to 
fit a f-in. test-tube (A) and a J X 2-in. metal bolt (B) 
whose nut is countersunk in the block. The bolt, which 
should fit its hole tightly, is used to vary the size of the 
slot through which the light passes. The slot is made by 
boring a ^-in. hole from front to back, (passing through the 
vertical holes) and then sawing up from the bottom of the 
block to make the slot \ in. wide by in. high. At the 
front of the block a groove is made 1 in. wide and ^ in. deep 
to carry a light filter (D). A similar groove | in. wide is 
made at the back of the block to fit the photoelectric cell (C). 
The block is mounted on a base board of wood, and the l-in. 
hole is extended J in. into this so that the end of the test- 
tube drops below the bottom of the slot. 

The photoelectric cell is of the selenium type, 22 x 40 mm. 
The “ EEL ” electroselenium cell supplied by Messrs. Evans 
of Bishop’s Stortford has proved satisfactory. A copper wire 
is fitted on the surface of the rear groove in suitable position 
to make contact with the exposed strip of selenium w’hich lies 
near the edges of the front surface of the cell. The wire is con- 
nected to an ordinary electric terminol screwed into the back 
of the block. A lead from this front-surface terminal connects 
with the negative pole of the galvanometer. A second terminal 
carries a spring clip which holds the photoelectric cell in place 
and makes contact wth its back surface. The back-surface 
terminal Is connected to the positive pole of the galvanometer. 

Light fillers of glass have been used. The Chance red 
(OR 2), green (OGr 1), and bhic-green (OB 2) glass filters Imve 
been found suitable for most purposes. AUemntivcly, Ilford 
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and accuracy of colour measurement are increased by the use 
of light filters. As in visual photometry, the measurement of 
colour intensity by photoelecstric means is best carried out in 
light restricted to parts of the spectrum whose light is maxi- 
mally absorbed by the coloured solution under investigation. 
This condition is approximated with the filters recommended. 

The galvanometer for use with this instrument should 
be of 500-1000 ohms resistance and should have a maxi- 
mum deflection corresponding to 5-10 microamperes. The 



Fio. 15. — Direct-ceading Photoelectric Colorimeter. 


pointer type and the reflector type have been found equally 
satisfactory. The roost convenient galvanometer scale is a 
logarithmic one on which the zero point corresponds to maxi- 
mum deflection. The galvanometer reading on the logarith- 
mic scale is then directly proportional to the light absorbed. 
A set of coloured solutions containing varying amounts of the 
same pigment will give readings which are directly propor- 
tional to the concentration. 

The logarithmic scale used is, in fact, that of the extinefion 
“ E.” If the full deflection of the galvanometer is divided 
into a linear scale of 100 equal parts, on which 0 correspoiids 
to darkness and 100 to the point of full-scale deflection wit 
100 per cent, of incident light, then any readings less t an 
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100 will correspond to percentages of light transmission 
which are less than 100 per cent, of the incident light. Tliey 
can be thought of as different degrees of extinction of the 
incident light. The extinction E or optical density ” is 
defined as the logarithm of the ratio of incident to tratis* 
mitted light — 

i.e., E = log. {100/% transmitted light). 

If two solutions of different optical density are interposed 
in the light path, then their extinctions E will be in the same 
relation one to the other as their concentrations of pigment 
— i.e., Ej/E, = Cj/Cj. This simple photometric expression 
of Beer’s law defines the condition to be aimed at with a 
photoelectric colorimeter. To simplify the reading of E, 
and hence to simplify the calculation, the logarithmic scale 
is used on the galvanometer. It is arrived at in the following 
way. If, for instance, a coloured solution transmits only 
60 per cent, of the incident light — gives a reading of 50 on 
the linear scale — then its extinction E =« log. 100/50 =*0*301. 
The point opposite 50 on the linear scale is marked 0*301 on 
the logarithmic scale. Similarly, 100 on the linear scale is 
0 on the logarithmic, 10 on the linear is 1 (log. 100/10 « 1) 
on the logarithmic, and so on. For convenience, the values 
of E, which comprise the logarithmic scale, are multiplied by 
100, and are plotted as whole numbers. The extinction E 
of a coloured solution is spoken of as the ” extinction co- 
efficient ” W’hcn it is determined at, or reduced to, a solution 
depth of unity — i.e., 1 cm. 

OPERATION OF THE INSTRUMENT 

The galvanometer is levelled, the suspension is released 
and the ** spot *' or pointer adjusted to the oo mark at the 
left of the logarithmic scale (0 on the linear scale) by turning 
the suspension knob. The light is now switched on. The 
bolt is turned up or down to regulate the amount of light 
reaching the photoelectric cell, until the needle is at 0. It 
should remain at this point and wiU do so after the first few 
minutes if the electric supply is taken from a properly charged 
accumulator or adequate transformer. 
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A set of test-tubes is selected which will fit the hole snugly 
but easily. They should be all of similar glass and free from 
obvious streaks and scratches. A test-tube is half filled 
with water, wiped "with a towel to remove any stains and 
placed in the hole. The bolt is turned until the needle is at 0. 
A scratch is made on the side of the test-tube opposite a mark 
on the block to indicate that the tube should always be used 
in that position. If on turning the tube in the hole more 
than a scarcely perceptible movement of the needle takes 
place the tube should be discarded since it contains flaws in the 
glass which are interfering with the passage of light. The 
other tubes are tested similarly and a mark made on each 
to indicate in which position it should be inserted to ensure 
equal light transmission. These tubes may now be used 
interchangeably. The reactions leading to the production of 
the coloured solutions may be carried out in them, so that 
no transference of the solution is necessary when it is read 
in the colorimeter. A good quality of fairly thin-walled 
test-tubes should be used.* The most convenient size is 

X 5 in. It will be found useful to mark them with a file 
to indicate volumes of 5 ml., 10 ml. and 15 ml. 

The appropriate light filter for a coloured solution is next 
tested for. This will usually be the filter which gives the 
highest reading — i.e., absorbs most light — and which gives 
most nearly a direct proportionality in reading with different 
concentrations of pigment. Generally speaking, its colour 
will be “ complementary *’ to that of the solution — for a 
blue or green solution a red filter, for a yello^v solution a blue 
filter, and for a red solution a green filter. The selection of 
the filter is made as follows : — 

“With the filter and test-tube of water in place, the galvano- 
meter needle is adjusted to 0 by turning the holt. The test- 
tube of water is removed and another containing the colour 
standard is inserted. The galvanometer needle is allowed to 
come to rest and the reading is recorded. On replacing the 
tube of water the needle should return to 0. If it fails to do so, 
the light is again adjusted by turning the bolt and the reading 

• For more accurate work the very tfun-wallecl and uniform test-tubes 
of the type used in the Lovibond comparator arc useful. 
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Table 8.— ADAPTATIONS OF JIICRO-CHEMICAL METHODS FOR 
USE WITH THE PHOTOELECTRIC COLORIMETER 


Substance 

Changes secesaanr 

light filter 

Urea 

Use a blank of 7 ml. H,0 + 1 ml. 
Kessler's for 0 adjustment of 
galvanometer 

Chance OB. 2 or 
Ilford minus red. 

Uric Acid . 

Dilute tests and standard to 5 mL 
with water (very high ones to 10) 

Chance OR. 2 red, 
or Ilford tri- 
colour red. 

Creatinine > 

Dilute tests and standard to 5 ml. 
with water. Use a blank con- 
sisting of water -f- 0 S ml. of 
alkalme picrate 

Chance 06. 2 or 
Ilford mm us red. 

Phosphate 

No change 

Chance OR. 2 red, 
or Ilford tri- 
colour red. 

Cholesterol 

No change 

Chance OR. 2 red 
or Ilford tn- 
colour red. 

Glucose . 

Colorimetric method. Dilute with 
water to 10 mb, or 15 or 20 mb 
for very high sugars. Use a 
blank (or 0 a^ustment 

Chance OR. 2 or 
Ilford tricolour 


red. 

Sulphonamidea 

Ptoteina and 

No change 

Chance OGr. 1 
green or Ilford 
tricolour green. 

N.P.N. 

Use a blank consisting of 0 2 mb 
00 % HjSO,, 6 mb water and 

3 ml. Nesslet’s 

Chance OB. 2 or 
Ilford minus red. 

Bilinilnn . 

Use 7 mb of 85 % alcohol instead 
of 3 mb abs. alcohol. This gives 
final vobof 8 mb instead of 4 mb 
and standard is now equal to 

3 ■ 2 rag. bilirubin per 100 rob 

Chance OGr. 1 
green or Ilford 
tricolour green. 

Sodium . 

1 mb of coloured solution diluted 
to 10 mb with 0 5 % acetic 
acid 

Chance OD. 2 or 
Ilford mmus red. 

Phosphatase 

Dilute to 10 mb with w-atcr. (High 
phosphatase further diluted) 

Chance OR. 2 ted. 
or Ilford tri- 
colour red. 

Potassium . 

No change 

Chance OR. 2 red 
or Ilford tri- 
colour red. 

Haemoglobin . 

All mctiiods described 

Chance OGr. 1 
green or Ilford 
tricolour green. 
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for the standard is again taken. This operation is now 
repeated with a second standard of double the strength of the 
first. The reading of the second standard should be twice 
that of the first. If this condition is not fulfilled, another 
light filter is tried. If the proportionality is approximated 
but not reached, the fault probably lies in the presence of a 
“ blank ” colour — i.e., a colour arising from the reagents 
■which have been used to produce the colour by reaction with 
the standard substance. A “blank” consisting of the 
reagents and water, with no added standard, is prepared and 
substituted for the water in the 0 adjustment. Proportion- 
ality should noiv be obtainable with the appropriate filter. 

Use with Standards. The use of a natural standard — that 
is, a solution containing a known amount of the substance 
under investigation — is almost universal in colorimetric 
practice with Duboscq type instruments. The preparation of 
a standard each time a determination is made has another 
use besides furnishing a basis for colorimetric comparison — 
it is the easiest way of testing if anything has gone amiss in 
the analytical procedure. For this reason the use of standard 
solutions should be continued >vith the photoelectric colori- 
meter. When the present direct-reading type, ivith a 
logarithmic scale, is used the calculation is simply that of 
direct proportionality— 

(Reading of test/Reading of standard) X Concentration of 
standard = Concentration of test. 

The factor Reading of test/Reading of standard is reversed 
from that used "with the Duboscq instrument, since the 
proportionality is here a direct, whereas with the Duboscq it 
is an inverse proportionality. 

The micromethods of analysis for blood which have been 
described have been readily adjusted for use with the photo- 
electric instrument. Very few changes have been necessary . 
they are given in the table, together Tvith the light filter 
recommended for each method. As in visual colorimetry 
the reading of the standard which is nearest the test should 
be used in the calculation. . 

Use without Standards. A coloured solution of given 
density will always absorb the same proportion of incident 
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standards consist of a permanent suspension of formazin in 
gelatin. They have been standardized in this laboratory by 
reference to the turbidity produced with sulphosalicylic acid 
in a solution of crystalline horse-serum albumin, a diluted 
human serum whose protein content was established by 
Kjeldahl, and a solution of crystalline albumin isolated from 
the urine of an orthostatic albuminuric. 

The Method, Add 8 ml. of 3 per cent, sulphosalicylic 
acid to 1 ml. of urine, C.S.F., or other albuminous body fluid, 
in a small test-tube, and compare the turbidity after 5 minutes 
with that in the standards. If the degree of turbidity is 
too great for comparison make a suitable dilution of the fluid 
with water, and repeat the test. 

Preparation of the Standards. The gelatin is clarified as 
follows ; G5 g. of pure gelatin arc dissolved at about 90° C. 
in 500 ml. of water. The “ white ” of one egg, in approxi- 
mately twice its volume of water, is vigorously stirred into 
the solution. The mixture is heated, with continual stirring, 
on a boiling water-bath for 1 hour. It is then filtered 
through a large coarse paper in a heated funnel. The clear 
slightly yello^v filtrate is kept liquid at about 50° C. for the 
preparation of the standards described below. 

The formazin is prepared as follows : 25 ml. of an aqueous 
solution (10 g. per 100 ml.) of hexamme (hexamethylene 
tetramine) are added to 25 ml. of a solution (1 g. per 100 ml. 
in water) of hydrazine sulphate. The mixture is stoppered, 
shaken, and left at room temperature for at least 15 hours. 
The resulting precipitate of formazin is carefully mixed by 
gentle shaking until it is evenly dispersed throughout the 
liquid. 

14*5 ml. of the suspension are added to 100 ml. of gelatin 
together with 0-3 ml. of 40 per cent, formaldehyde to ensure 
permanent “ setting.” Such a gelatin suspension of formazin 
has been found to be equivalent to a concentration of serum 
albumin (precipitated with sulphosalicylic acid under the 
conditions described above) of 100 mg. per 100 ml. The 
gelatin suspension is now diluted with clarified gelatin 
(containing 0*3 ml. of 40 percent, formaldehyde per 100 ml.) 
to give standards corresponding to other albumin concen- 
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trations. The following mixtntes of gelatin and formazin- 
gelatin suspension are made in small tubes of uniform 
bore (7-5 by 1 cm.) 


Table 9 


Tvjbf 

nil ofsrUHn 

ml of 

erUtia-fomuds 

Value (n tenn* of 
albumin {>er lOO ml 

1 

3-6 

0-4 

10 

2 

3-2 

0 8 

20 

8 

2 8 

1-2 

80 

4 

2i 

1-6 

40 


2 0 

20 

50 

e 

1-0 

2-4 

80 

7 

1 2 

2 8 

TO 

8 

0 8 

3 2 

80 

0 

0-4 

3 6 

00 

10 

0 

40 

100 


When cold, the tubes are stoppered wth corks cut level 
with the top of the tube. The stoppered ends are then 
-..pipped in molten paraffin wax and allowed to cool. The 
standards may be checked against serum solutions stan- 
dardized by nitrogen determinations. They should be 
mounted in a wooden rack painted black. Comparison is 
best made by viewing them against a strip of white cardboard 
with a transverse black line fastened to the rack. 

Arrangements have been made with Messrs. Gallenkamp 
and Co., London, to manufacture these standards. Sample 
sets have been checked against those prepared in this labora* 
tory and against albumin solutions of known strength. 

COLORIMETRIC STANDARDS FOR EMERGENCY 
ESTIMATIONS OF CERTAIN CONSTITUENTS 
OF BLOOD AND C.S.P. 

The determination of urea in blood is most easily carried 
out by conversion of the urea into ammonia by urease, 
followed by direct Ncsslerization j that of non-protein 
nitrogen and plasma proteins by suitable digestion 

wth sulphuric acid, whereby the whole of the contained 
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nitrogen is converted into ammonia, followed by Nessleriza* 
tion. The resulting yellowish-brow’n solution is compared 
with a suitable standard in a Duboscq or photoelectric 
colorimeter, or in a photometer. Such instruments are not 
always available to the clinician or to the pathologist working 
under emergency conditions. 

With the purpose of providing a simple means of estimating 
these substances without the use of elaborate apparatus, 
artificial coloured standards for comparison have been devised. 
Such standards should be indistinguishable in day or artificial 
light from the “ Nessler-yellow ’* colour and should have a 
fair degree of permanency. Of the various substances tried a 
mixture of ferric chloride and cobalt chloride in hydrochloric 
acid solution has been the most satisfactory. 

In the standards described the proportions and amount of 
ferric chloride and cobalt chloride have been so adjusted that 
the resultant mixtures have appeared indistinguishable from 
Nesslerized ammonia solutions in daylight and in artificial 
light. The comparisons have been made in test-tubes of 
standard bore (5 X | in.) viewed in a comparator block 
against frosted glass and in a test-tube rack against white 
paper. A standard ammonium chloride solution containing 
the equivalent of 0-01 rog. of N per ml. was employed as a 
basis for the comparisons. This solution was used in varying 
amount witlv added water and 1 ml. of Nessler's reagent in 
a total volume of 8 ml. This is the final volume of test and 
standard solutions in the micro-methods for blood urea, , 
N.P.N., and plasma protein which are used with the 
permanent ivon-cobalt standards. The numbers shown in 
the first column of Table 10 refer to the amount of nitrogen 
(mg. N) present as Nesslerized ammonia in the volume of 
8 ml. which is the equivalent in colour of the stated 
quantities of iron chloride and cobalt chloride contained in 
the same volume. 

The standard values have been chosen to represent the 
concentrations most often encountered clinically. They ate 
so spaced as to represent increments of 0-005 or 0-01 mg. 

corresponding to 10 or 20 mg. of N.P.N. or urea per 
100 ml. of blood. In the lower and middle range the . 
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TABLE 10.— COMrOSITIO?^ OF PERMANENT STANDARDS 


Stimdard vUse 
{N e^nJvilent} mg. 

aL or Ferric Chloride 
SoluUOtL* 

nd oCOobslt 
Chloride Solatloa * 

0 1 s-ECI 

0015 

\\ 

0-15 


0‘02 

1-4 

0 27 


0-025 

1-75 

0 40 


003 

2-1 

Q-5S 


O'OaS 

2-4 

0-03 ; 


0-04 

2-75 

0-80 ! 

0 1 M-lICi added 

0 045 

3-1 

0-03 1 

> to make the 

0-05 

3-4 

1-05 ' 

volume 8 ml. 

0-055 

3-T5 

1-18 i 


0-00 

4 1 

X-80 ' 


0-07 

4-7 

1-55 ! 


0-03 

S-4 

1 80 


0-09 


2-10 



• Ferric chloride solutJons XO pet cent, (wjv.) FeCl,.OH,0 in 0 1 N* 
l^rochlorio «cid—l.e., ID g. of the #alt dissolved m enough 0 1 K-hydro* 
ebiorio acid to make % hnat votomc of 100 mi. Cobalt chloride solulSon : 
10 per Cent, {w./v,) OsClj.OHjO in O-l N^hydrocWoric acid. 

values are spaced more closely itt order to allow of more 
accurate estimation of plasma proteins. For total proteins 
the increments of O-OOS mg. N correspond to 0*78 per cent, 
protein. By careful matching intermediate values can be 
assigned, and it should hence be possible to gauge the con* 
centration of protein to within 0-4 per cent. On the same 
basis it should be possible to measure fibrin to within 0 • 02 
pet cent, and albumin to within 0-2 per cent. Since globulin 
is estimated by the difference between total protein and 
albumin the error may be additive, and at the most should 
be O'G per cent. For C.SJ?. protein the increments of 0*005 
mg. N correspond to 6 mg. per 100 mb of protein, and 
.half-increments to 3 rag. 

'■ An“altemative rapid method for plasma and C.S.F. pro- 
teins, based on the xanthoproteic reaction, may also be used. 

The colour of iodine in ether solution is very much like 
that of the Nesslet-yellow. The estimation of sugar by a 
method in which the final detwnination is of liberated iodine 
should make it possible to estimate blood sugar by means of 
the permanent standards. The Schaffer-Hartman procedure 
was easily adapted to this purpose. Tlic intensity of the 
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iodine colour is in inverse proportion to the amount of sugar : 
the more sugar there is present the more iodine will be used 
to reoxidize cuprous copper ; therefore, the lower values in 
the permanent standards correspond to high sugar values, 
and the higher standards to low sugar values. The figures 
for blood sugar obtained in this way are, of course, only 
rough estimates of the true values, but they are close enough 
to be of clinical use. In practice it has been found that 
figures within 10 or 15 mg. of the known values of dilute 
sugar solutions or the determined values (by an accurate 
method) of blood filtrates can be obtained. 


JIETHODS OF ANALYSIS FOR USE WITH 
PERIilANENT STANDARDS 

Blood Urea (p. 5). The colour is matched with the 
standards and the figure obtained (mg. N) multiplied by 

2,140 — i.e., X 2 *141 — to give the mg. urea per 100 ml. 

C.S,F. Vrea may be estimated in the same way. 

Non-protein Nitrogen (p. 7). The figure obtained on 
matching with the standards is multiplied by 2,000 — i.e,, 

—to give the mg. N.P.N. per 100 ml. of blood. 

0-05 ® 

Plasma Total Protein: (l) By Difference with N.P.N. 
(p. 35). The value (mg. N) is multiplied by 20 , 000 — i.e., 

..^.2^,- — to obtain the total N per 100 ml. The N.P.N. value 
0-005 

(as mg. per 100 ml.) is found for the plasma or serum, and is 
subtracted from the total N per 100 ml.* The resulting figure 
is divided by 1,000 and multiplied by G-25 to obtain the 
number of grams of total protein per 100 ml.— i.e., the 
percentage of protein. 

(2) By Precipitation of the Protein (p. 31). The figure 

^ irnnwn and be not grossly 

. . this figure from the 

. %'S ition. In cases where 

, ormal average N-P-N. 
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nitric acid a yellow colour is produced. This is intensified 
by the subsequent addition of excess of alkali. The colour 
is very similar to that of the permanent standards. Its 
intensity increases witli the amount of protein present, and 
the relation between colour and amount of protein is almost 
a straight line. The test is very easy to carry out and con- 
yitutes a simple method of estimating protein in solution. 

'ith those obtained by the 
procedure. One ml, of 
la {for example, 0*5 ml. 
plasma diluted to 10 ml. with isotonic chloride or sulphate) 
is treated rritli I ml. of concentrated nitric acid. The 
mixture is heated rapidly to the boil, cooled immediately, 
and 2 ml. of sodium hydroxide (40 per cent) added. The 
colour produced is compared with the standards and the 
protein content derived from Table 11. 


TADIE n.^-PliOTEm EQUIVALENTS OK COLOJIWJKTJHC 
STAI-TDASDS DV XAKTIXOPROTJEJC REACTION 


StAodsrdj ' 

rag Protein 
per 300 ml 

’ cs.y 

Perteot 
PWUlit 
la IDuroa 

Staodards 

ms rroteSn 
per 100 ml 

CSP. 

Prateto 
in Plasma 


50 


0-055 

2S0 

5-6 

0 020 

70 


006 

310 



93 


0 005 

S40 

C 8 


120 

53 

0 or 

370 



J50 

3 0 

0-075 

400 



1S5 

8 7 

0 OS 

4.10 


0Q45 

220 

4-4 

0 09 

500 


005 

S50 

so 





Sugar. 0 ’ 2 ml. of blood is diluted wth 3 ■ 2 ml. of isotonic 
sodium sulphate and the proteins precipitated by 0-3 ml. of 
10 per cent, (rv./v.l sodium tungstate and of 7 percent, fir./v.) 
copper sulphate (CuSO..SHsO). The mixture is centrituged 
or altered, anti 2 nil. of filtmte are treated nith P-3 ml. of 
Harding’s copper reagent in a standard-bore test-tube. The 
tube is heated in a boiling n-alcr-bath for 10 minutes. It is 
then cooled and 0-5 ml. each of 1 per cent, potassium iodide 
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Kjo. 10, — Permanent ailiFicial cnioxit vl^tndjrds for the emergency 
rtlinialwjn of btooft anU C,S F. ^nstttuents. 


3X i)iC cohuT f?btn5ned is Jess tlwn tbe 0-02 sian<lar<} the test 
is Tepcatct\ I ml. of blood filtrate pUts I ml. of water, 
and the result mttUiplted by 2. C.S.F. sttgnr may I>e esti- 
mates! by the same procedure. 


• It Si MientSM that the ether be jwnjiMe-free ; oUicrwiK excess lotlme 
may be liberated fnwn the poUosiwn kydvde. Tlte etficr may be twte*! by 
nddinj* 2 tn\. to a. tnlvtnrc of 2 ml. of water, 0 5 ml. of potsisslnm i<xlidc. 
and O'S ml. of tulj>hurle ncM. If on ahaVlUR \ht wvKtuw no pcrccpUble 
yr now colour is present in itic tipper Inj'er tl»e ether i» aatiif-vciory for the test. 
In practSee only a few (ampler of ether whWi had been rtomS In ylaw for 
a long time ha%-e pros'ed unsatSifartory. 
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TABLE 12.— BLOOD-SUGAB EQUIVALENTS OF COLORIMETRIC 
STANDARDS 


Standards 

mg. Glucose per 
100 ml. 

Standards 


mg. Glucose per 
100 ml. 

0-02 

170 

0-055 . 


. 115 

0 025 . 

. . 163 

0 00 


105 

003 

. . ICO 

0-065 


. 93 

0-035 

155 

0-07 


. 85 

0-04 

. . 145 

0 08 


. 65 

0 045 . 

135 

0 00 


50 

0-05 

. . 125 
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Hydrochloric acid, normalities, 140 
Hydrogen ion concentration, iis 
colorimetric (letermination, 114 


Indlcan, urine, 09 
Indicators, 
ranges ofpll, 114 
solutions, 
melhjl orange, 1 tl 
methyl red, 141 
phenolphthalein, 141 
starch, 139 

Iodine, (lecinormal solution, I41 


Lactose, urine, 80 

Lange’s colloidal gold reaction, 71 


Melanin, unne, 00 
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Methyl orange solution, 141 
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Nitric acid normalities, 140 
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emergency mcthoit, 150 
total, urine, 89 
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Permanent standards, 
emergency methods, 153 
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pH, 113 
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acid, 50 
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alkaline, 60 
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1 “ acid soluble,’* 53 

I ester, 54 

I inorganic, 14, 54 
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j total, 55 
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ester, 54 

I inorganic, 54 

! lipide, 54 

Photoelectric colorimeter, 144 
I adaptation of methods, 1 10 
I advantages, 144 
calculations, 150 
1 use with standanU, 150 
i use without standards, 150 
I Photometric measurements, 142 
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Kjeldhal method, 39 
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nscorbic acid, 62 
I bilirubin, 42 
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' odsorption mdicator method, 40 
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CO|-combining power, 40 
fibnn, 

Jfjeldah] method, 40 
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' inorganic, 54 

I lipidc, 54 

! proteins, 

I Kieldahl method, 37 
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sodium, 40 
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Reosl calculi, amlyaia of, 107 
Renal efficiency test, ISO 
Rotbtra’s test, 82 


Serum, 
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normal values, 3 
phosphatase, 
acid, 50 
alkaline, 50 
potassium, 00 
taking of blood for, 05 
Sodium, 

h^roxide, normu! solution, 107 
plasma, 40 
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iinne, 00 
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Spectral bands, 117 •> 

Spectroscope, 
direct vulon, 110 
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Starch indicator, 130 
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Sugar, 

Uo^, 
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emergency method, 358 
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C5.P.,70 
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qualitative method, 80 
quantitative method, 81 
Sulpbonaroldes, Mowi, 2* 
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normal solution, 13G 
normahtlM, 140 


Test meal, gastric, lio, 130 
‘ Teste of fnneUuo, 
l galactose tolerance, 133 
■ gastfictestmeol, 110, ISO 

I ghicose tolerance, 121 

I tuppurie acid, 135 
. area clearance, 12C 
TQrhldometrie permanent standards, 
protein, 151 


Urea, 

, blood, 5 

emergency methotl, 150 
C.S.F., 70 

j clearance test, 126 
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; hypobroniita method, 87 

> ureasc^Kewier metJxxJ, 80 

UrIcaeM, 

blood, 0 
' Urine, 03 
Utlne, 

AccMMie, 82 

albumin and globulin, 63 
I estimation, 65 

ammonia, 87 
I oneurin, 104 
; oscorUc ac^, 102 
* Bence-Jones protein, 84 
bile jdgment, 07 
6(b^, 85 
chlorides, 05 
creatine, W 
creatinine, Ot 
diastase, 100 
gulactove, 81 
glucose, 
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melanin, 09 
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potassium, 07 
sodium, 00 
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uric acid, 03 
urobilin, 08 

spectroscopic method, 118 
urobilinogen, 08 
Urobilin, unne, 08 
spectroscopic method, 118 
Urobilinogen, urine, 08 

Venous blood, taking of, 4 


Vitamin llj, urine, 104 
Volumetric solutions, 
ammonia, 188 
iodine, 141 

potassium biiodate, 139 
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sodium hydroxide, 137 
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sulphuric ncld, 136 
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